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FOREWORD 


, U o£ a. "Shuttle Filter study" Fin.l W»rt consists oF two major sections. The 
volume II t Generation Studies et the component Level*" describee unique 

section entitled * conta mination -leased by typical operatin, compon- 

test methods to determi re8U lts of these tests are described 

ents. Several different component, were tested and the 

Sensitivity Tost," describes e method to determine the 
The section entitled. "Component Sensitivity Ms . develop it. 

, V.1 o£ particulate contamination at which an operatic, component will t.H » 

*, ' i The degree o£ protective Filtration r«guired may he determined From the teat 
design life* ^ ne valve# are des- 

results. Test, conducted on a typical operating exponent. « 

dribed in detail. 




ABSTRACT 


w „ e conducted et the component level using two different 
Creteminret Gene t .chniqoe end gravimetric enelyele test ptoeedute. Both of these 

Methods, tedloective tteoer „tMd., redto.otlv.ly 

were, reduced to prectlc. during this P~S»»- » „ a . ten>ln . their contem- 

-* eondltloee. Beoeue. the purpre. 

7L"ZS 1, to determine the type. -M— of cont»lnent. g .n.r.t.d red 1, 

M eveluete proved monitoring red detection eohemee, no ettrept ... red. to ...let. or 
qualify specific components. The opponent, used In this ts.t pro«re ..re 

Items- Sore of them hed here us- In previous tests, some «er. ohsotete 

r.es”rlrent.l device. -1. -Usd for the purpoe. of these test, h, ,Gh 

and NASA contractor*. 

«„ eddition re the component tests, v.slou. m.t.rl.1. of Interest to contrelnret.ndflltr.- 
tlre studies rere lrt.dl.tsd snd sv.lu.tml for us. .. retotrecer m.tsrl.1.. 
rest dree, plretics. v.lv. re.t met.rl.ls. .nd herein, ootoriol.. 


In all. Civ* component* war* t**tad. The*# included « 


- Two typo* of oolonoid volvoi# 

- An augmented -park igniter valve a.aambly. 

• A hydraulic actuator# 

- A bdaring teat device. 

yn... crepenret. ..re revered h.c.u.e they .re. rep-esentetlv. o, the he.lc retire. Involred 
lttwa**, !•••» *liding_su£f*ce*» rotating motion, impact, etc. 

*. ts.t proredur. Involved cperetln, the remphnsnt . prsderermlned number of cycle. 1- s 
M . t .ccp, » clrculstln, fluid rerered ccn.reln.nt. for coll.ctlre re filter screen • 

rioter, hydreullc fluid. ,r l**d hits.,.. ducl.er ~ 

..r. usre to determine «h. type «d ,u.ntlty of eontrelnret. collected re the-tiltre . 

«... techniques, it ... P...«>1. » -U- 

in rest ..... th. ..uses- cf th. ccntredn.nt could h. Idretlflsd, 4... , *».!« hod,. heerl , 

rere,* .... Mn.ltlvlty ... cult. ,red u.l», «... m.th.d., .Inc. t..t rreult. 

1. mleroqrem. ., typl.el contreln.n. ret.rl.1. «n h. d.t..t.4 ulth ..... 0. «“* 

tlceted re«.4,re., the limit .« d....t.bllity .re t. 1 nenerre. hut there .re- 

to be no „..tl.«l ln.en«lve to do •« for th. purp «... te.f. 


1.0 CONTAMINANT GENERATION PARAMETERS 
1, i nof < nitlon of Main Parameters 

f ». V olcal fluid system components can be 
Parameters that sff.ct the performance of typical 

divided into three categoric, for thi. study- The, are: 

‘source of Contaminants 

- contaminants initially in the system 

. contaminants external to the .yet- that enter when it is opened 
loaded 

- syster. generated contaminants 

* Effect of Contaminants on Components 

•performance Degradation or Failure. Due fo contaminant 

. o. in the discussion that folio*., these three categories of parameter. 

For convenien t PERFORMANCE parameters, 

are referred to a. SODECE parameters, EFFECT parameter.. 

1.2 SOURCE Pa rameters 

i f around facilities minimize external contamination 

w* assume that suitable design of ground facilities 

- it is excluded from further discussion, 

is technically feasible. Therefore, it is exclua 

, var ietv of sources. Table I 
. initially in the system can come from a variety o 

Contaminants initially system where 

iiete typical type, of iht.rh.1 examinant, as -11 a. part, 
they ©an be found. 

_ eaminanta esn arts. .from the operation of vnrlou. componenta with 
syatem generated con ^ „ y „.„ h anie.l action «hen surfaces mutually 

moving surface.. Tho« .corrosion. , or by vibrs- 

frseture snd .(ulster into, each other, or by then ...basts. 

,1„ or lmpsct. Figure 1 .*»» potenti.l source, of s,.t«s 

1.3 bbbECT. Parameters 

. enters, cause flow erosion, and lead 

. . _ effect moving mechanisms, clog 

Cst.mih.ht. c.n [luU parameters. Th. «... ssrlou. of «h... •««•«» 

to detdriorstion or »idlflc pl re g .u-sri... th. typio.l effeots. 

sre those which are related to moving mechanisms. F 9 

1.4 PERFORMAN CE Parameters 

„ ax« 4 .« is modified by contaminants, the result 

When the operation or behavior of affected wi u de termine the sensi- 

is altered performance. Tht. performance p - enB itivity will be 

tivity of the component to contamination. For some parameters. 


CONTAMINATION IN f TYPICAL P^UID SYSTEM 
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I 
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FIGURE 1: SYSTEM GENERATED CONTAMINANT SOURCES 



nFSCRIPTION SAMPLE 

Fluid flow, feed, 
screw 


Rectilinear motion 
( one--di recti ondl ) 


j 

i 

j 

i 

i 

! 

i 

i 


i 

i 



Rectilinear 

(periodic) 


motion Fiston and 
cylinder 


i 


Rotational (one- 
direction) 

Radial force 


Radial pump 
housing, bushings 




Rotational (one- 
direct Ion) 

Axial force 


Rolling 


Impact 


Vibration 


Surface 

conditions 



Axial pump 
housing 


Bearing 

4 


Solenoid, 

actuators •< 


pipe flexure, 
turbine vibration 


Corrosion or 
surface finish 






ft* 


to. 


d. 


e. 


f. 


FIGURE 2 : EFFECTS OF CONTAMINANTS ON TYPICAL COMPONENTS 

rrascRIPTICN EXAMPL E 





Sticking of 
sliding mechanisms 


Blocked flow passage 


Scored surfaces 


Wear and friction 



Altered flow di- 
rections (unbalanced 
system pressure) 


Misalignment 


Dirt lock, 

Stlctlon, 

Weldment 


Plugged 

metering 

orifice 


Scoring of 
shafts, rods 
and slides 
causing leak- 
age paths. 

Abrasion of 
seals. In- 
creased fric- 
tion through 
dirt lock 

cammed lines 
or orifices 


Misalignment 
of spools* 
slide gates i etc. 


f 


g< 


h. 



Jamming of mechanisms 


Contact Prevention 
(incomplete closure) 


Jamming of ir-nollcr 

type floH 

meter 


Valve leakage 


4 



qraatar than for orh.ro. Typical o.r»»t.r. Include. 

- leakage rate 

. Torque, fore, end br..Ko»t foro. equlrueot. 

- pressure decay 

- Excessive pressure drop 

- Flow decay 

_ Flow restriction or modification 

- overheating due to friction 

- Reproducibility of operation 

- increased power consumption 

- Material integrity 

- structural integrity 

- Degradation of another component 

- Dimensional tolerance or misalignment 

, . t „„ b . .... that numerous paramtar. ar. required to th. 

In ln . E «h co.pon.nt involua. but not oao- 

parfonoaoca of th. oo«p t „ tln , ,„d qualifying every co.pon.nt 

aaaarily ail of th. teat para.at.ra. Th. • r . ut lon.hip ara quit. 

„ould b. prohibitive. ainc th. h«*..r of f»-“' 
eoispl.x, even for ..«.ingly •*»“ 

tl . . lh ^ effort to examine the performance of 
Therefore, typical components were se ^ ^ ^ meang include examples of 

rapre.«ht.tiv. itwa. Mthouqb th. oowoooit. y ^ ^ th . teat 

.«ry typ. found in a spacecraft fiuid ay.t.., - •«“' *“ 
proqra. ««*U. of ..oh of th. aourc.. ahoun in Flgur. 
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2.0- RADIOACTIVE TRACED TECHNIQUES 


2. 1 introduction 

TO1 . .. ctlOT deecrlbe. —a*. tr.c.r tcchnl,u. «cr ~*t« «■ — — ~ 
teend for etudyin, fPOMbt -t— » «-r.ct.rl.t.c. in 

„ d on ...e.cr.ft. The -Mod. Mill.. r.dio.c.1.. tr.c.r. end «« “on 

‘zzzz . jz~ - -u- . - — - — - *"~ 

qu.fitif lc Jtion of conM.lo.nt cono.ntr.tion «nd pMticU .it., ““ 

„ot. detection of contMin.nti pottle. 

TO. need for Mi. ~M MO.. when it MM f * co»v«.tion.l g r.ci~tric 

«Mod. .r. Ittif in «1M- *>« — 

Sensitivity is limitsd to 0.1 - 1*0 milligram. 

Oltfionlt to di.crinin.tr b.tve.n contain.... «o»ttd by .ft it«t. 

„d otb.r foreign n.t.ri.1 -bleb ni,ht b. poo i» • ft Vo*. 

OO detection or -Ob-Un." — - oont^inMt. if not pottle. 
T..t .ystem net b. perturbed to determine nwor.t of confinMt. pre.ee • 

flnide. .nob .. hydraulic fluid., it i. difficult to ,.t .ccur.te 

gravimetric results. 

m to avoid loss of contaminants before 

in all cases, care must be exercised to avoid loss 

weighing • 

„.1», radioactive fere 1. b - * "* *" “* 

above problems. 

2.2 M ethods 

Two Mi. type, of ft. v.r. conduct.d under tbi. pro,r». m ^o,'.., 

„.t. wer. run uitb -ft dutf or other typ.. of .inul.f contain.., f. 

C lud.d .uch Mif .. AC-co*r»e .nd Mb. ft. du.t. -,brl.o„. red du.t.1 >. -icb o 
not n.ce.»*rily r.pre.ent M. type o, — *ou„d in .ctu.l .p.c.cr.ft .y.ten «• 
However, Me, nr. -Mini .. . d.vic. for c«p.r.tiv. .tudf of v.rlou. type, 

filters, and for evaluating certain wear mechanisms. 

«b.„ t..t duet. .r. u..d, tb. objective i. to ev.lu.te filter pcrfo^ance or 

to determine the .ff.ct of cc«Mml»«nt. on . p.rtloul.r <»»po»ent. 
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» . .mi oy.tom. «*> — ' — - — M “ 4 ** * * 00t " ** 

«,«> th. problem can be divided into WO pert.. 

(1 , Determining effect* due to contaminants added to system. 

Determining ..foot. do. to component, generating cnt»lnt«t.. 

- - — r —i — .r r rcr 

:;:r^rriinLin,t. _ * « — • 

w prevent continent, it generate. from eriectin, other component, in 

, 1 th. filter requirements for . particular fluid sy.te. can not be .pacified 

Obviously# the filter 4 . . f _ ach component are 

1 g. he nrecise performance characteristics of eacn comp 
in a:, optimum way unless the precise per partic le size 

V These include its propensity to generate contaminants (r # P 

“ etc ' „ o.n a, it. sen.itivity to eonl.nln.nt. in the 
distribution, amount, etc.) as wen a 

from rther sources. 

of eh . objective, of thU work ... to develop proved method. fo..tudyin, typical 

n „t. in order to gain information concerning their performance, 
spacecraft components in oraer to g«* 

Tagaed Cont * m4nant: Studies. 

Figure 1 lllu.tr.te. th. method whon redioactivel, — - — 
a test system. 

... ♦.« different types of contaminants can be studied 
mt. -in.iHwitv of selected components to different yp 

The- sensitivity or o«* Qt>n sifive . and remote 

in .hi. W. TO entity th. ata ir.adl.ted to provide lorn 

aetection technigu. poeeihle. th. rel~ ^ ^ ba ,. lect ed t. 

level radioactivity f.r treeing purpoae . ^ ^ of lnt ,„ at . Ty ptc.l 

provide distinct isotopes ea a '.raear for eec p article 

ere ehown in Tehl. 1. Thi. Hat 1. not oomp.ere, man, other type. - 

era ...liable and could be u..d If de.lred. 

Since ...h ieotope he. It. - ’*"* “ P °* ,lbU *° 

mine the pertlol. .l.e dl.trlbution remotely. 

. bb radioactive tracer technigu. i. that It allow, truly qu.ntlt«- 
snuther .d..„t.,e -o ^ . Ja . d „ . t .. t .y.tem, seme of it lod,o. 

tly work to he per orme . part l ol e. my bo unavoidably praaent. 

- ~ “ 4U ‘ ° £ PlPl " 9 ^ th : t . a t loop Itaelf generate, thorn. The radioactive 

if for no other reason than because . * 

method ignores th.cn e.tranaou. aource. of -«— » - - 
unavoidable loaa... If nacaary. balance, c.n he mad. h. 


‘ \ 

i 
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TABLE 2 


SOME POSSIBLE TAGGED CONTAMINANTS 
(Test Dusts) 


DESCRIPTION 


Red iron oxide 


Molybdenum 

Glass-beads 


TAGGING ISOTOPE 


Fe-59 


Mo-99 


Na-24 


PARTICLE SIZE 
(micr ons) 

8.3 * 


1 - 10 


10 ‘ 50 


Figure 3 

tagged contaminant STUDIES 
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energy 



pip.. and fitting* until *11 of th. to.t du-tha. been *cc t for. 
romnonent Au totracer Studies 
- 

act.ci.tic. of r«pr...nt.ti». .pooooroft component.. 

t..t procedure u..d fon-th... measurement.. 

. * 4 „_a. examined to determine which of the 
». proemiur. toquirea that th. cwonant tic. t o. «•»•" 

in Pique l apply. Won this »t.p Ha. b««n completed, th » P 
sources shown in Figure pf y aoecific activity 

w . are removed and irradiated to provide the- specific acr 

parts of the component are removea 

needed for a test of given duration. 

ific Activity to be used depends on the duration of the test, the amount of 
*” ,P,Cl t . tM aanaiti vity of th. dieting in.tcumentaticn. th. .hi.ldinq, 

contaminant generated, the sensitiA safety-regulations. In 

and h..lth phy.ic. limitation.. - a—" “ ‘ ^uied foc ..ch 

.n appropriate analyai. hy . ,u.Ufi.d nuclear «*— “ 

test. 

rr.,~rr^^ 

*“ r: - the 

”°“ ’ a they ere by no means ctriotlve. comparable «.***«." tahen to 

““ Pr “* 7 rL. ut. of .hfoty uh.n uotUng uith «t indu.trla^roc.e. 

provide .» .dtOCt. -w» ^ J ^ TOterlil9> „ d pc., pot.nti.ily 

invol-vlnq cryoqon . . of radioactivity involved ar. dolt. 

“ TrlwT. — - «-» - nagligihle. Car. mu.t h. — 

itanee With tbe appropriate-laws and regulations, 
cised principally to insure compliance with the app 

et hod has a number of unique advantages. First, contaminants can be 
The autotracer method naa a num»« w 

- asnsitivity . Consider the following example, 

routinely detected with excellent sensitivity 

Stniitivitz bf Method 

• ^ , i - « hearina or structural part is 

An irradiated aampl. of 30. at^nlaa. atoal. 1-- . (1Uot 

allovad to operate to a ta.t ay.tcm. th. ,.».r.t.d oontm.in.nt. 

11 P u a 3 « x •?» tial scintillation counter. The 

or filters. The filters are then counted in a 3 x 

or filters. irradiation and counting 

aquation .hlch r.lot.a th. filt.« raaidu. count rat. to th. 

tiArametere iss 
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otfiy 


3« x 3" detector efficiency (35%) 

Weight of contaminants grams (10 grams) 

macroscopic absorption cross section 
density of contaminant material 
decay, constant 
irradiation time (0*5 hr) 

time between and of irt.di.tion end ccentin, 

% i sc- tope in- element . 

% element in 304 S.S. 


% -y ray output/disintegration 


.. . „ . „., f to „ irradiation «itb thermal neotrona 

irradiation, are o^-ider. ^ ^ ^ ^ (IaBU Enm.in.tlon 

(T .bU l> -nd 2) * h * 1 ' ti h d °" r at "‘ li>t fot bot „ and 14 «.V neutron irradiate.. 

o£ the tables clear y u ^ 8uffic ient quantity to allow reliable detection 

the isotope Manganese- 56 is p filter. In addition. 

Oh a i miOrogram goentlt, of 104 atainl... ataei ^ . £tlvlly , „- 

“* remaining i.otop. -m.tl.itie. ar. ^ , u „ici.olly long to allo- 
wing in no interference^ - ~ » ^ whtl . refining 

~ “ ’ ' . , m the eya tea-will K... loot the eotiv- 

*“ aie tIso ,or «»P... af tet 3 day., the Mn-SO reeidua.till within 

:: r-iti- ^ - - — — - — - - — 

eny measureable or hazardous quan tit y. 

d. only for 104 atainl... .teei- hot .into all .tael. 

Thete calcoletion. were caleoletlon. or .Imilar one. could 

contain.. imiler — - ^ c.d to ev.lo.te — 

b. applied to all ntainlnna ataala. * ,ual pp 

materials. 

. — - — — 

.. low a. «-» gram can h* detected accoretely. ».m, low 
(10* e gram) eeneltlvitlee can b. attainad rootlnaly o.lng thia mat 


particle Size distribution 


siSS 

. . cg-Meles can be estimated by using several 

Th . partial. - -trlhotloa of conteelnn^p lcle. - ^ to 

filter screens with different mesh sites. The 
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Wi"!i b*h 


rfni^i ITn-- 


0 

Compo - 
sition 


Isotope | S. S. 


.08 


Table 5 

THERMAL NEUTRON IRRADIATION. OF 304 SS 
(one -half -hour irradiation) 


sition 1 / 1 „ i - -•* 

W/Q in. Half Gamma Energy Cross 

e S 1 Life I 6 Yield Section 

S. s. I Life I ; MevU)) (barns) 



18-20 27.8 days 0^32 

8-12 - 2.SS hr 1.48, 1.11 

(291) (14%) 

1 2.62 hr 1.27 

(0.07%) 



7.SxlO' s 
2x10’ 10 
6.5xl0‘ 


2.S8 hr 0.84, 1.811 13.3 l.lxlQ* 8 

( 100 %) 


a 

Abund- 

ance 

(4) 

A 

Activity* 

(cps) 



4.3 

7.8 

1.16 

3.3 

3.09 

11.3 

100.0 

182L.0 


“Isotope weight only. 


Table 4- 

14 MeV NEUTRON IRRADIATION OF 304 
(one-half hour irradiation) 


Count 
Rate 
per ygi 
(cpm) 



Isotope 


e 

Compo- t 
sition *1/2 
W/O in Half 
S. S. Life 


18-20 3.76 m 


Gamma Energy 
6 Yield 
(Mev(%)) 


8-12 36 hr .127 

(14%) (86%) (14%) 

8-12 99 m .072 

( 100 %) 


2.62 hr I 1.26 


°th 

Cross 

Section 

fbarns) 


.00049 

.14 


P 


a Count 

Abund- A Rate 

ance Activity* per ugtn 
(%) (cps) (cpm) 



.056 0.12 






the inass 


collected on each screen. 


origin of contaminant Particles 

„ it is Dossible to determine the isotopes pre- 
B, performing P— « spectroscopy, rt r. ua ed. for 

..UPC in esc, material - U • comment. U , „ atetial 

_ in. a valve body and seat, then the gamma spectra wi 

• arit oar ticles how much (relatively) each material «.»er- 

i. producing the contamin aateri.ls is hot »h-absolute limits- 

m « The requi^ einen ^ aifrerenu 

*“* COnt " in * M . are otMr variables. Por example, the same material 

tion to the method, since different particles to ernpha- 

. ta , B d for different times- of with different s»<* 

t rr:.::: — . »• * — — - * ”* t,a 

— — — — - ° f — iMtopa - 

paiiti Time Mea surements 

■— t — .-rrr rr zz ;.tr. rr " 

: :n - - - - — ~ 

fitting wall) and continuously, while the component ^ houts lo 

:i\;r:rr;r:.rtri:r:. ^ 1 . to «, - - — 

likely to be encountered in component testing. 

the basic method are posnibld. -depending on the instrumentation 
A number of variations on ^ t ptcal test procedure based 

available- and specific test requirements. T.P. 

on the methods described above. 

{.3 Results 

«Y«tem Tests a nd Calibration 

- — - * — r. ~r.r.r 
- “ ;.rrr^rr:r;r:::.w — ........ - 

hsight discriminator) and timer-scalar were used. 

meed in specially fabricated shields and positioned adjacent to 

«" enCl ' .dlent shielding ... Pl.™d -round tho irradiated 

containing filter aoraana. ^ „ aa ^ull, Chech 

teat componant to reduce the bechgrouu ^ inserting 


ICIC 

.d out using an suci Cs-137 check source. Following th s, 



^ . ,, - P-icln. - nu-10. - ~* - “‘ UCtin5 """ * v 

Mt These initial tests aetssnsttate. that the..syste» had aleauat, n-mt . 

5 U a photograph of one of the test loops shoeing Oetectors, — 

and the recorder. 

Contaminant Tests 

several test trials were irr.aiet.a to aet.roine their -- 1U, - - -•» 

radioactive tags. They included: 

AC coarse test dust 

AC coarse test dust with iron pyrite 
AC fine test dust 

AC coarse test dust with- zinc sulfide 
A cryogenic insulting material (POP) 

Neutron activation analysis and gamma spectroscopy indicated that each^of 
ials contained trace elements suitable for use as a radioactive tag. 

materials showed radioactive Na- 2 4 one day after irradiation. The tests ndicated th 
presence of other isotopes, including «n-56, *1-28. and Cu-64. * -tempt was made 

produce or detect long-lived radioisotopes for these tests. 

Following tho.o t..tn • nanplo - « — ~ 

flowing in n tent loop. The loop contain.* a 325 , 2200 wire oenh ncreen ns flit . 

f 9 xir.ar.+ ive test dust were available from a previous 

Data for a similar test using non- radioactive test d 

test. 


■fypieal results for one test are presented below: 


Test dust - AC coarse 

Add size - adds weighing 4 milligrams each 

Run No. “ 2 

Screen - 325 x 2300 


component 

Filter screen 
O-rings 

Wiped from flanges 

Presume deposited in test loop 


Dust ror.38 (milligrams) 


26.40 

0.48 

0.35 

0.77 

28.00 


K 
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of t». teat fault. Ud to th. following oood».ion.= 

of con eminent added. In "’^hlle'in'^hc'radloactlvo caeo 

t5i cadiation detection ayato.. 

the^y stein, and never reached the filter screen- 
componen t Material feats — 

* * *. suitability of certain materials as auto- 

Tests were also conducted to determine the suitability 

. .. K _ 4rthf used fot valve seats -or_hearing cages m 

tracers, s^cifically those which might-be. usee 

cryogenic applications. 

«. matoriala toatad under thi. portion of th. program are ahooo 1» 5. The ta.ta 

indicatod that iaotopo. aueh aa Ka-24. Co-64. Bn-56. Si-32 aod othor. «« ptoaeot n 

avary etarial. riguf • — * •»*«- — * P “““ £ “ “ ° £ “Tli Tr 
on th. toot fault., It — conclude that th. autotrac a«thod ... also au t 

use with these materials. 

TABLE 5: COMPONENT MATERIALS 

Virgin Teflon 
Kynar 
Vespel 
Teflon FEP 
Nylafron GS 
Kel F 81 

Reprocessed Teflon 
Nylon LP 410 6/6 

Virgin Teflon. 254 glass-fillfid- 

Fluorogrcen E-600 

Aiinalon 

Rulon-J 


..ft. 1 cc^eant. ft. tatted during th. courea of th. proi.ct, *-l» at. — •*-* 
ta f„l. 6. Figure* , through 1. «. th. component, U.«d. SC hl,hll,ht. from ..oh 

test art; described. in the following paragraphs. 
polenold Va vea 

Licanaing lr.it.tlon. ptohlhlfd f« .ith high .... 1 indued ncti.ity. thu. c.u.ln, 
th. irr.dl.tion tie to b. r.L.tlfly .hott. A. th. priery iaotop. d.f lop.d «• 
ulth only 2,98 hour, h.lf-llfo. th. dur.tion of th. .aperient. «». limited. Still, it 
... soi.ibi. to dotoct 1... then SO mlorogr... of et.ri.i from th. ...ond f if . demon- 


gamma spectrum of 

SAMPLE #3 - VESPEL 


. -qV Ofc' 

SS£»* ,K * 




( 


2.75 McV 




TABLE 6 


COMPONENT CONTAMINANT GENERATION TESTS 


COMPONENT 

TEST FLUID 

NUMBER 
OF CYCLES 

CONTAMINANT 
GENERATION DETECTION 

Solenoid Latching 
Valve 

Solenoid Valve 

Water 

Water 

» 

5,000 

i 10 , 000 (a) 

Not detected 
<50 micro grams 

Valve Assembly, aug- i 
mented spark igniter 

Hydraulic Actuator 

ln 2 ' 

Hydraulic fluid 
Mil-H-5606 

1,700 ' 

5,400 (b) 

4.8 milligrams 
0.69 milligrams 

(cl 

Cryogenic bearings 

ln 2 

/— % 
w 

o 

o 

o 

•t 

o 

^r 

CM 

81.5 milligrams 


NOTES* 

t0 fa5° 0 aide5 C JuriSr»«nd°I^oSJ 1 iycu“ no Radio- 

activity was detected due to decay.- 

- t and 1 800 cycles with a 

(b) Actuator was cycled 3,600 cycles unloaded 

v $ 1>> aide weight. 

(C) Bearings were o B erated in a bearing test assembly. 

(d) Test terminated due to failure of one set of bearings. . 




ASI VALVE 
ASSEMBLY 



CAUTION 



FIGURE 9: HYDRAULIC ACTUATOR 



CAUTION 


4.4 

* 




BEARING 
TEST ASSy 


FIGURE 10: BEARING TEST ASSEMBLY 
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•trating the sensitivity of the method. 
valve As sembly. ASt 

gbi. ,.io. ... ooigu. - that it had . i.r,. 

L„ d activity dch other.ia. — i — — — «“> “ ““ ~ 

^ it ... ahialdad to pr.v.nt cotton activation. * -ling pariod ... ucd Oo- 

<o» beginning th. «.t. to .Uo. th. .tort- lived hl-20 to dey. 

Anaiy.it of th. taaolta. indicated that 35% of th. contaminant. colloctod c«. on^th. 

„ , ,0. eh acteen, ddu 6» e oolloctOd «» “* 325 * J300..cf.en. Since the 

a— .. . ieotope ... Cu-04. th. etdnant i. ™“d.» “ 1,l ““ d *”* 

valve body. 

Hydrauli c Actuator 

«i. ... on. of th. cat internet ing te.t. b.c.oa. it ... «•••»»• “ *“ 

distribution of oontcict. etc*. th. body of-th. «*■*« 

indictad th.t Coot co-third, of th. conta.in.nt. cam. fro. th. .«ct 
I ! th. baianc cam. feth. Chin,. 33 .ho., th. me of ~U.oC co, ’ 

. fonotion of th. number of oyol.. of faction. Th. etc cren ... 

rr; 1 ^ , 5 , - - — — « « - - — » t 

th. coerae .cr..n and cr. clued on th. fin. .ore (325 » 

Bearings 

. - . j i s_ ..A gniu teat in Which enough 

yb. bearing Mat C-mlc infrctihl in that it ... th. only 

contaminant. .eisnar.Md to . 0 ti.n»-thnjn>-UnhJ>nniiS!ring .yae. 

Aithough it had be pie.d to op.rnt. th. Caring, at 20.00. rp. for 3 
12 ninot.a of operation . sharp tie ih .otivity ... d.et.d by th. on 
At th. Mot tin. the ... .n inore. in th* high fr.go.ncy end produced by 
C.1 t..t d..ic .nd th. tct. .e t.rnined. Pfge i2 .he th. hoiidop ot 

c o n t amina nts as a function of time. 

ea.go.nt analyai. indio.t.d that approrictaly eal ect. of etamiet. e. 
deposited on the coarse and fine sersans. 

n, .at. of caring, cr. oaad. On. »t had a hulon-J caga, .hil. tc oth.r had a 
w fabricated «e Ken* Th. h-.ei «• th. only -t.ri.1 h.,iog cope, -d coppet 
JtC dor iaotope i.ion, .Hh Hn- ... doteecd. The reit. indict. th.t it ... 
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Mass of Collected Contaminant 

Hass of Collected Contaminant (mg ) 

(mg) „ o o 


FIGURE lit 


CUIiTAXUNANT UUSbKAXiUW niWVtu ur 
THE HYDRAULIC ACTUATOR 


dhtaminant collected oh the coarse screen 



CONTAMINANT COLLECTED ON THE FINE SCREEN 



Total 


Actuator body 


Actuator bushing 


8 

Time - minutes 

ON-&INE STRIP-Crta 




«. x..op.i — v— «- post- of - -U— * lthwh 

r eont. miP.pt »« *- - - -H - “ «“ ‘““ i " 9 

a Conclusions 

Tb ... t ..t. p... dacnats.t- “’ h ~“ itlVlt! ' "' ,Cl *“ “ eh ‘ 

„ lqo .. to study aontaminant deration in typic. apa«cr.ft co^nta. 

foots P.V.P.C conducted usin, tost duet,. tost patsriaU. and^ypic^ 

». tost tasulta indict. t»at tPiS-ctPod h» savotai i-PC-nt «■ « 
Tiptoed sonsitiuityi idantitiction - cont.Cn.nt souses. c.Un. casus, ant 
ll.de iso. int.si.sanc Py non-tast i~ contcinants. .suits c„ 
in a ci.tiu.ly snost tic u.in, ccu.ntic.l ^sM^csosepy instsuentatson 

radiation sources of moderate intensity. 


3.0 GRAVIMETRIC iiNALYSIS TECHNIQUE 


# 0 tntroduction 

TPL cation d.acsiP.a tP. t.oPni,«s « stCyis, ocpcant ^ 

.Pas.ctCi.tica in fluid , S « -P.se tP. ' - ““'“ l “ “ ” " 

LmtP. component aoccd. 1 nillipscs. TP. — - - - - - 

p„t tP. inPCnt- limi tation. oi acusacy not -«*»• P~» 
tation. P... Pen Vised in section 2-1 node sop.««d Palo-. 

Sensitivity is limited to 0.1 - 1-0 milligrams- 
impossible. 

yp. last system met b. opened to detain. tP. amount of contaminant 
collected. 

castain fluid. sucP •• Pydt.Cic fluids cy eset. difficult, in 
obtaining accurate gravimetric results. 

Extsac cat. must P. f° t J t ’ce n tct U as t ».ll , as*^Ptalnlnq 

d«“iJ$ “ tw- media «d collect^ contaminant aftet 

the test. 

TP. -multiple ne.ni 1P9 ef nne madia and 
drying and weighing can easily leaa to 

What, talativaly las,, count, of contaminant, as. anpaotad. and antsc. aocusac, i. 
not raqultod. tP. qs.uictsi. ctPod of cont.min.nt ca.usc.nt i. quit. .Imp 
requital uasy llttl. apaci.l aquipent and a minimum of p.s.onn.1 tsalpinq. 

p. only on. component, a V Pall u.lu. .HP ««><» *'*" - ““ “ 
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.. «£ material, the gravimetric technique was used on only 
generate a sufficient amount of material, 


this one test item. * „ 

3.2 Method 

„ „ . valoatlo „ of component contamination o.neration utilise* ttl* -*• 

*** method o, ^ t „ . test ey.cem — — 1 — - 

“'^”1 L test item U operated over a pcdetermicd n-»dr of cel... «*• 

zzz;*- ~~ * — - — “ ““ e 

it i. trapped or collected by . IU* ~diam. 

c+ion filter medium ie carefully weighed before and attar tbe teat. The 

zzzl~ - — - — -rzzzzz 

2 l Hicroacopic .xCMaticn « -WWW -ttl provide Ulforoatioe 

ing the type and possible source of contaminant. 

V. the filter Ml. «1U ooliect all material !.«« l “ ““rM leaf 

leas of aovrea. it i. neccaer, **“ - ^ cult. 

i„, a component. It i. difficult to remove all ‘ ^ _ >u , cloan 

- cm, approximationa of tb. contaminant ^u. 

systems, the lower limit of contaminant generatio 
will give the meaningful results is_app*oximately 3 milligrams. 

» typical teat procure for thi. technique i. ahoun in the Appendix. 

3.3 Results 

a i/4, ball valve -a. t..C for contaminant qencr.tion in «. test ay. terns, one usin, 

t .rJteat fluid, the other uain, ,.s (nitron,. «. anticipated, a lar,e qua - 
water for the test n * ,._j bv the valve, in 

. f i„. entirely of Teflon shreds was generated y 
tity of contaminant consisting entirely or 

- - - — - - niui, 7 °;r.r r. :rx - - 

test produced 60 milligram* o g u he Te flon contaminant 

1,00 tim*. in th. and ..Mr taat. raapactivaly. In both ca... 

. X a. m m.t.rl.1 vatyin, in ait. from 100 to 2000 micron. lon 5 . Pi* 
consisted of shreds of material vary g material came 

.Mcmhly and vi.ual ...minatlnn «. the internal part. Indict 

from th. .tarn ...1 which had axtrudad into the clearance apace between 

^ ... m ^ — - — - - 

into th. cavity bat.cn bb. ball and body, further ^ «« " „ 

lea. material Intv th. flew stream. Thera ... no viaibl. al,n 

the main seals. 
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4 conclusions 


n,. Gravimetric cube need effectively when Urge .mount. of cent.*, u»t 

collected, undoubtedly .one material free tb. flow eyeteo ue. .1.0 collootcd on 
the 10 micron ecreen^bet the percentw entor ceueed i. reduced due to the leruo 
amount of material generated by the component. 

,0 CONCLUSIONS AND RECOMMENDATIONS 

nucleer irredietio. eurotrecer me..ur,~u t technique. for deten.in.tion ot~cont«.- 
inant ,.n.rerinn cner.ct.ri.tic. h... been Proven to be ptectic* end ~~ «• » ~ 

dition to tb., obviou. improved eeneitivity of m*»ur««nt-th.r. ar.-..v.r«l-e i on 
•dventav • over tb. gravimetric-*, thod, identificetion of entmnin^t eourcee. mn-1 ne 
meaeurement ..polity. ln.en.Uivlty to eor.laminant. other tb.n tboee originating b 
tb. t..t item. Re.ult. can be obtained in. r.Utiy.1, ebort tin. u^«9 eon.ention.1 
,a»a .pectfo.cop, in.trum.nt.tion and ration eource. of «*»“ lnt, "* ity ' 

It 1. recommended that for determination of relatively em.ll — « «' 

mint tb. autotracer teebniqu. be -ployed. For relatively larq. — » •« 

end where tb. eyetem fluid can be filtered to a high cleanlinee. level, tb. qravime 

microscopic analysis method can be used. 



T.P. - 1 


TEST PROCEDURE _EOR 


CONTAMINANT! GENERATION MONITORING 


USING auto-radiotracer techniques 


d..=rib.. - - — — “ — in “* 

o£ a,to-r.diotr.e.t c.cbni,f *—*•«**» 9 *"““ ion *" OP “*“ M ' , fc . 

oo^nents. Tt. feral proof re. outlif be - 

tion. to any coPpon«nt in ubich cooMpi^nt fetation in expected to ocoor. 

2.0 Procedures 

2.1 «»*«»• 1*1 Id e ntification Activity Requireme nt 

The first step in plying a contaminant generation test is to determine whi^parts 
of the given component are expected to wear, the constituent elements presen 
critical parts, and .he isotopes and corresponding half-lives which will result 

1 irradlalton. If tH. ft U to to « — - «« “* ““ * 

„„t. .* yi.U an if op. .iti, sufficiently loo, ».1«-1». to .n~ fplotion o« tt. 

planned t..t and .till yl.ld — ,f title. of radioactive -«■*■>• ““ J°” 

ttl. inf orpatlod . the ittadiation condition. (neutron fl«« »d dor.t on fu 

provide tb. deal red panitorib, ~n.iti.ity -V be deterplned. Tb. c-^nent part 

~onld alia t. irradiated nnder identical conditio to t. - ‘.litratioO 

standards in analysing the test results. 

2.2 fast Operation 

Tt. irradiated part, are »»»»— «“ U ‘““ U,d “ * l0 °"' .. 

Oownstreap of the content a .erf of pro,r...iv.«y fin.r peat filter acreen, a on 

t. placed, teat condition, atonld ai«n,.~ actual f ratio, condition., 
preaaure, «1~ rat.. f-Pfratur.. cyclic, rate, and total cycle., »t .act fi t. 
position, . nuclear r.dl.tlon factor tute. aclntlllation detector, .— t. ioc - 
ted, each detector ha.in, an individual ~«.r readout -id continu.ua atrip ctart c 
to record the count rat. a. a function of cycle, or -ear tip., teplacepent acreen. 
mould be prepared prior to tt. t..t to t. uaed if »..d.d, *■ exponent 1. tnen opera- 

ted accordin, to it. oper.tin, ap.clflc.tion. and tt. planned fat procedures. 

2.3 Measurement of Con taminant Generation 

on-line ponlt.r. can t. uaed to continually ...cur. tt. buildup of ,en.r.t.d cont.Pin.nt 
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„„ tb. fiitar acr..na. ».i»g tb. irradiatad ..lotion at»d«d.. th. vrlo- datao- 
„r cb.nn.1. ~V « oaiibr.tad to p.ovld. a direct indication of tb. ma~ of ,.o.r.t.d 
contaminant bain, collootad. Policing tbo tact. tba <Ut.r. at. romovod fro. t o c 
leo p ««** in a aenaitivo rnnitiobannoi analyst ,»». .poctroacop, ayatom. 

3.0 Analysis of Results _ 

on- lino monitor, provide an indioation of th. «onnt of ,..«.t^ «““*“”•« bain, 
collected on th^craona. Tb. roiativ. aotivit, i-L c tb. v.rioo. .croon, diva an 
indioation of tb. particl. aiaa diatribution -f tb. yanaratod ce»t«dna»ta. 

cdt. of tb. multichannel an.ly.i. provid. a praciao datonainatio^f tb. — 
and natura of tb. generated contaminant. O-parin, tbi » tb. cdUbration 

darda ( on. may dot.rmin. tb. amount of contaminant bain, ,».r.t rt fro. aaob of .... 
p«t. of tb. componant bain, taatad. 0 «»titi.. of -tariai of 1 gm can ba dotact. 
tbi. mannar. Tbi. infection may than b. uaad to an.ly» tb. i»b.vior of tb. oomponant 
during opar.tlon and idontif, tboa. part, uhicb ganor.t. contaminants. 
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T.P. -2 


TEST PROCEDURE. FOR 


CONTAMINANT GENERATION MEASUREMENT R« THE GRAVIMETRIC METHOD 


1.0 StTprocrfor. d..crib.. ED. t..« -tbod. ~d « *• — — •»““'*** 

ot gravimetric tachnl,.,, to tb. d.t.1».l« of contm.in.nt ,.R...tion ch.ract.ri.tic. 
of components. 

2.0 Procedure 

2.1 System and component Preparation 

, rlot to fating the conpon.nt.nd tha-flow t..t e— — - 
. tactical laval. Tb. cla«,.r «•* ayatero and ta.t fluid. ED. -or. ***** - 
lhe t ..t results. Tb. component ahonld b. cleans to at l...t tb. lov.i m-*** “ 
flight hardware. The fluid and Mat »,•«• b. cleaned by circulating tba tea 
with a fin. filter Installed 1— dUfly up.t~.rn of tb. t.at ..tarn iu.tall.tion poin . 

Tb. -clean up- filter ahould have a gl... bead rating of 10 .ioron. or finer. 

2 2 Coll ection Filt er Preparation 

Tb. filter medium that wllll. u~d- f or collection of ,.ner.t.d ~nt.min.nt oust be 
2 dr, prior to weighing. Tb. filter, ahould bn aland to collect all particl.a of in- 
terest. thus if particles below 10 microns in- site are to be evaluated as wel as 
ger particles »_the membrane type of media should be used. For particles above lO^mxcrons 
in size* one of the various standard filter screen, may be used in aocor ance 

following table. 


To Collect Particles 
Above Size Shown 

10 Microns 

20 Microns 

40 Microns 

100 Micions 


Use (‘cl lowing Medium 

325 X 2300 Twilled Dutch Double Weave 
2 x 120 x 650 Plain Dutch Single Weave 
80 x 400 Plain Dutch Single Weave 
30 x 150 Plain Dutch Single Weave 


bftar cleaning and drying tb. filtar medium tb. fllt.r cloth la waigbad to the cam 
0.1 milligram and installed in a suitable holder. 

3 • 0 T act Qperaticn 

Tb. test it.. 1. Mounted in the fluid with tb. pr.-«.lgh.d collection filter 

mounted a. cloa. a. practical to tb. component outlet, with the t..t fluid flowing 
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. , _ actuated for a predetermined number of cycles 

w „h the test system the component xs actuated tor a P r 

<Xt> 1» — ‘ operating, npecitieation and pianno, teat P— 

4., ° f ," e ‘ ! ilS ~. th . th . collection tutor oedloa, i. c.r.folly ro~»od fro. 

“ - a e ttant ooignt. *. dittor.no. Ootocen t„o pro-to.t and poat- 

r " - - - — - - - — — “ “ y 

be conducted using normal microscopic techniques. 




i 
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CONTAMINATION GENERATION STUDIES 
SPECIFIC TEST DESCRIPTIONS 


TEST NUMBER: I 

TEST ITEM: Parker Solenoid Operated Latching Valve 

1.0 Scope 

The purpose of this test was to determine the contamination generation characteristics 
of a_ solenoid operated isolation valve. The test item.. was a solenoid valve manufactured 
by Parker Hannifin and used on the RCS system of the Apollo CSM. The test was designed 
to.detennine-Jthe contamination, generation rate of the Parked valve as i function of the 
number of cycles of valve -operation in - flowing liquid test system. The test procedure 
involved irradiating the valve and then tracing radioactive material worn from the valve 
in a test flow loop, by collecting particles on four filters arranged in series. For 
this test, no attempt was made to study specific parts of the valve (i.e.. the valve 

seat) . 

2.0 Procedure 

The entire valve was irradiated for 30 minutes using a neutron generator having a yield 
of 1011 neutrons per. second- at an energy level of 14 MeV. A gamma spectrum of the valve 
was then recorded and is shown in Figure 1-1. 


The irradiated valve . was installed in test loop containing a pump, flow control va’ve 
and four grades of Collection filter media mounted in series downstream of the test 
item. The collection filters consisted of 3 stainless Steel wire cloth discs and a 


|mi< 1 1 jpore 5 — micfon membrane filter. 

The mieron rating of the collection filters was 

as follows: 


• 

LOCATION 
1st Filter 

TYPE 

80 X 700 TDDW 

MICRON RATING (GBR) 

40 Microns 

2nd Filter 

165 x 1400 TDDW 

20 Microns 

3rd Filter 

325 X 2300 TDDW 

10 Microns 

4th Filter 
• 

Millipore Membrane 

5 Microns 

A Geiger - Mueller* tube was placed in 

a fixed position to 

monitor the Millipore filter 


while a scintillation detector with adjustable position was used to monitor the 3 other 
filters. 

A control system was provided to automatically cycle the solenoid-actuated test valve 
And to count and record the number of cycles through which the valve had been operated. 
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t..t IM deionired «... pr.-«ilt.r«. to 0.45 oioton.. 

rlgux , 1-2 shows ths tost systsm schsostto. 

„ dtation levels -ere measured et the foe. filter fositioh. before v.le. 
Background r d 1. ^ „ „ cycle. end reegie, up to 

C,Cl ”\ the valve — ss ecteated. MM. — 1 -lv. cycling U— t. *—*“ 

5 ^ neasursd at th. foes filter position, and recorded on . six-channel Bathers 

The flow rate was held at 4.0 gpm throughout the experiment and the system 

' . recorded lust before each valve cycling. Th. millipor. filter ... replaced 

pressure was record 3 300 a. cycles. The valve was 

twice dating th. experimental run. at 1»0« cycle. and at 3000- cycl 

actuated through 5000 cycle, with data taken at 37 prints 

n e. collected throughout th. run showsd no statistically significant variation, in the 
oat. collected -Ore o indicate! that no radioa ctive 

count rate at any of the four filter p confirmed fol- 

arterial ... being worn off th. valve during cycling. M. OUdin, ... « 

.owing th. tsst in Which th. valve -a. cycled 5000 tit... ^ 

fro., th. test loop and counted in a yielded counting pi,. 

cantly above background were detected. 

. tMt „ t he run progre.aad. th. prea-ur. drop in th. ay.ten continually 
It wae noted that as tne nreB8ure drop decreased 

increased. Each time the millipore filter was ' ftg tfie run proceeded. 

to it. initial level of 107 pal, «- - • M _ ..nbeln, 

the — -—rZrZTJZ fro. th. system or 

tr^ped o^t. utt „ u . definite po«lbility ainc. th. valve ...t 

bain, worn from the v . technigue. Visual Inspection of th. 

ir^rr: .^7... ^ 

aillipcrs filter, c y £o „«d to determine the nature 

analVl- t “ PP ' d " ‘ h * 4 on t „. (lll . r „ A dsscription of part- 

and th. .ourca of th. material which ... trapped on th. 

icles found follows. 


Microscopic of 


hn.iy.is Of material collected <h-n.tr.ma of irradiated Parker propellant valve, teeted 

June 29 » 1971. 

B0 x 7°° Screen (40m) Filter Number _1 


MATERIALS 


Plastic Fibers 


SIZE 

50 x 740 Micron 
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470 x 250 Micron 
190-x 125 Micron 
150 x 100 Micron 


9artic'ea 

Orange Colored 

Bright Orange, Plastic-like 

Dull Grey Material 

Clear Teflon Shreds 

Copper Colored Material 

Lemon-Orange Plastic 


Concentration - “ Including: 

Fibers, Teflon ,_Grey Slag, Clear Plastic, 

R ed Colored SpongyJWaterial . Copper Coiored Material 


16S x 1*°° Screen (20 Filt er Number .,2 
MATERIALS 

Ruby Colored Transparent 

Milk Colored Plastic Globule 

(square with rounded corners) 

Fibers 

Copper Colored Material 
Tan Plastic 

Metal Sliver (Burned colors are blue, red. 
amber, yellow) 

Grey Metallic 

BrlCk (Xi5S? -JSTSSES* -u region) 


SIZE 

250 x 190 Micron 

500 x 12 Micron 
125 x 60 Micron 
190 x 125 Micron 
430 x 100 Micron 

250 x 190 Micron 
125 x 100 Micron 


325 X 2300 Screen (10/* ) 1tar Nurtber 1 
MATERIALS 
Copper Colored 
Black, Charcoal- like 
Grey Colored 
Plastic Fiber 


SIZE — 

260 Micron 
300 x 25 Micron 


Ml illpore (5 m< - Ptlter Member 4 

Sample Number 1. ‘1200 Cycles. Millipore Broken 

Many large shavings of grey metallic-like appearance. 

some smooth metallic particles - copper colored gold or brass colored 





Sample Number 2t 3000 Cycles 

Metallic (250 Micron) 

Charcoal-like cluster (600 x 500 Micron) 


Predominance of silver colored shavings, (Metallic} 
Plastic (125 x 60 Micron) 

Sample Number 3s 5000 Cycles 

Small amounts of grey metalli: particles 

Shiny metallic particles 

PlaSLtic 

Bronze colored material 


Conclusions , 

A . th . pt o<»in.nc. of m.t.ri.l found. on_ifte filter. ccoi.t.d of type p.rtlclo 

thtto 1* «n indication that.ihe teflon aaat of th. valve la the pMbOle source. The 

irradiation l.v.1 of th. valve ... .uch that ...t otoial -Id not hav. boom. 

active enough for detection by th. tan— ray nonitcra. Th. ab..nca of indication, of 

radioactivity on any of th. four filtar. .ho. that th. -tallic partial.. ob..rv.d In 

poo-tot microscopic an.iy.i. oripinato. in th. t..t «.«- and ..r. prob^i, pcnarat. 

by assembly of threaded connections. 

The combination of mlcro.copic an.iy.i. and nuclear detection Mchniguo .hoc. th. .bil- 
ity to detect th. ,.n.r .tion of non-r.dio.ctiv. mtnri.l '.by vi.ual obeervatlon) and to 
dl .criminate bet...n metallic, orlpinatin, .n th. t..t .y.t.m lt..lf (non-x.dio.ctiv.) 
or th. t..t item (radioactive,. Th. organ!. partlcl.. cannot definitely b. proven to 
hav. originated in th. v.iv. oat. but th.it pro.no. in the colleotlon .cron give, 
cause for— further investigation of th. ..at ».er characMri.tio. 

Although th. system V... cl..n.d prior to the tot. th. vioiot .h.Kin, of th. .,«» 
caused by veto - hammer with valve .hut off at 4 gpm flow .ill dialed*. P.rticlo trap- 
ped in ...vice, within th. tot loop. The .dvantago of being able to discrimiol. 
batwon th... partlcl.. and th,,.. originating In th. tot article are abvroua. 
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ln-54 (313&) 
;o-58 (70d) 



Energy* Mev 



FIGURE 1-2 


Contamination Generation Test System Schematic 



P - Pump 

mr .1 . Flow Control Valve .. /» « \ 

F-l - Collection Filter 80 X kOO Twilled Dutch Double Weave (UOm) 
F-2 - Collection Filter 165 X lUOO Twilled Dutch Double Weave (2C> 
F-3 - Collection Filter 325 X 2300 Twilled Dutch Dcuole Weave 
F-l* - Collection Filter Milliiore Membrane 
D-l - Geiger Mueller Tube Detector 
D-2 - Scintillation Detector Movable to 3 positions 
pp-i - Differential Pressure Gage 
C - Controller 

Rec - Six Channel Sanborn Recorder 
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TEST. SOMBER » 2 - 

tEST ITEM* Rocketdyne J-2 Augmented Spade Igniter (ASl) Valve 


1.0 Scope 

Th. purpoe. ol thi. teat we. to det.re.ln. the continent generating char.cteclatics 

o« . vcketdyn. pneu.atic.Uy operated Au*»nt.d Spetk I,»it.r <AS» VI- •• — - 

a. ,-a rocket engine. Th. valve 1. deeig-dJo. — 1- « ^ ««“* ( “ X ' ““ 

U,. teet ... conduced by cycling the valve in . Honing •»*-> of liquid nitrogen. 

A croas-section drawing of the valve is shov.n in Figure 2-1. 

... tested under cryogenic c«diti«. nein, liquid nitron .. th. teet »edU. 
Th. valve ... leak teeted prior to th. tlo. aotuatlon teet. cycled through 1700 cycle. 
.1th 100 ».i, lout pressure t» 2 eud 1«* feted «*« at the co.olu.ion of th. teet. 
During the -valve upon- portion of each cycle th. liquid nitrogen flc rat. ... apprc- 
inately . ,P«. Particulate ftter generated *.«. valve ... collected oh t.o dcnetrean 
filter. OHIO and 10 ei.rff.glru. head rating and -e-ured uein, eutotracer techniques. 

g., procedure, foiled in feting the AOcketdyu* valv-induded the follo.in, «.pi. 

1. Disassembly of the-valve and fabrication of parts to facilitate 
quick reassembly. 

2. Irradiation of the critical-wear components of the valve. 

3. Reassembly of the valve. 

4. Leak tasting and valve cycling with LN^ flow followed by leak 
tasting. 

5. Analysis of the teat results. 

cere h.d to be tekon In dl....«mMlng th. valve to prevent damage to the v.lve hnllovs. 
Th. critical pert, of th. wive .«• identified .. the v.lve body end the .eat and 
peppet eeeembly. In erder to rf»v. th... pert., it ... nec.aa.ry to cut eever.l -Ida. 

to elininete re-ldln, th. velv. before te.tln, -ly br.ck.t. .ere de.igncd and 

febrlcetcd. These bracket, provided leektighl sealing of the valve .ithout the ne.d 

for welding upon reassembly. 


i — 1 


f nn 1 


,„4 stem-Were aurroundedjiy cadmium. ™ la uft - 

“'r.rin.Tm Td'tam ana that »«**- »' «- -• 1 “ m;< ' Ulely ! “°“ n d d ' 

The c.a»i« mi -M- ^ — ot 

' tux upo „ lrc a dl .tion from approximately 1000 to ““ d 

W th * tlux aepr <, 3 »i„„ considerations Ipr.sented in «ho 

zzxzzzzz — - - — - - : r 

following reactor for 1 hour at 100 Kw, and at 

- in “* lh * r “ 1 “^d flux 1. S x 1010 n/cm* aao. would yield a total 

. point wear. th. normal undepr... ,; .ppro.imat.ly agu.1 

(after a 1 hour decay period following reacro 
to 9 5 »Ci the activity limit permissible by the license under which the tes wa 
performed. TO. actual activity gained wax ...aurad to b. approximately met upon 
L- f- the reactor, 1 hour aftar tbe reactor bad bean abut down. 

a .tern the valve was reassembled and instal- 
Following activation of the body, sea , an faci litat e d by the 

u a • , Q oo As indicated previously, the reassembly was facilitat 
led-in the 1 P* Hi sinip iified reassembly method 

.. t unvote which had been fabricated earlier This simpliti 
special bracxets wu . f 4 raii^_the reduced asseir- 

. d t u e valve) was beneficial in two ways* 

(rather-than re-welding t initial- activity level 

in less decay time artd subsequently a higher initial- aettv y 
b,y time raxultad in * raqulrod to reassemble th. 

at the .tart of the test; second, due to the reau 

V.1V., personnel expoaor.. during thi. opar.tion ware al» r. uo . 

, „,,.d In the text loop which con.i.tod of a bank of dawat. 

Th. aatenbl.d valv. ... In.tallad in „ , 0 , 

. rtf the valve. Downstream of the valve were 

containing LN 2 upstrea The valve actuation mechanism 

700 mesh .creen, a 325 x 2300 mesh screen, scintillation detector placed 

- • — » - — 

in a collimating .hield was located at each fil P 

... placed around th. activated valv. to further raduoa the background 
filter position. • «,ur. 1-1 .how. th. to.t ay.tam In th. operating mod.. 

„ a through 1700 cycles with 100 psig inlet LN 2 pressure and 9 
Th. valve was then operated through 1700 cy Bcrpong wcrc removc>(J 

-- — — — * - 


u n 4u wn rr 


i. sho«n in n,«re 2-5. Th. count r.te. for the tuo «t«. and boch,ro»nd u-rc on 
follows: 


514 counts/ 40 min. 

676 counts/40 min. 

326 counts/40 min. 

188 coutits/40 min. 86 4.70 eg® 
350 counts/ 40 min. * 8 .-75 cpm 


80 x 700 screen 
32? y 2300 screen 
Background 

The net count rates are therefore. 

80-X 700 screen 
325 x 2300 screen 

ccuut ret., were determined ft. the intuited ccuut, under the cn-64 

posh^drieh ... the pr.dodin.ht peeh in th. ,«™ «*«.». «» *" “ d 

. . ith . a period of 2-3 hours. Compared to the 12.8 hr. haA 
standard, were counted with in a penoa oi 

lif . of cu-64 , little relative dec., occurred t.tu.cn th. nadple. «n»tcd over 

tl,. required to delete th. three count.. *. ~ 

compared without correcting for • radioactive decay. 

the activity standard consisted of US mg of material taken from the activated valve 

body, in a 40 minute count, this sample yielded 493 counts, or 167 counts/40 m nutes - 

4.17 cpnL above background. The specific activity of the standard is therefore: 

4.17 cpm = 2. 8 cpm 
1.5 mg TO S 

Uein, thi. epeci tic-activity end th^ennt r.te date preeented. th. eunts at ,en«at.d 
contaminant collected on the screens are given, by: 


x 700 screen: 
325 x 2300 screen: 


4.70 cpm 
2.8 epm/mg 

8.75 cpm 
2.8 Cpm/mg 


• 1.7 mg 

- 3.1 mg 


tuo ecreen. .ere uciqhed hater, end ether th. teet. yieidlu, th. tolluuln, .counts 
of material collects on the mt.ra durln, the Met: 

80 x 700 screen: 2.4 mg 

325 x 2300 screen: 1.2 mg 

.. th th. 325 « 23.0 acre... that. 1 . - ~ 

material calculated by r.y r.dl.tlcn and almpl. qt.vlnctrlc analyaia. 

h. nn, autpri.inq to find . laryt. uelqht hy qr.vim.trlc analyaia a. all - - a c - 
,.ct.d from th. system itself .odd b. Includad. The lasaar -elqht h, qt.vimct c 
mlnatlon is attributed to h.hdlln, lo.. h.tuc.n th. time of qamma analyaia and final 


1 

i 


„ *c™». in di-t.r. d.rt muc-iu. —rial. -allic p.«ieU. «P «. e« .icron. 
in .in., nnd ..v.r.l .hit. ^ »•*“•»- * “ l °° 

Th. nn.ii.in..,-. -ctn. di.cl.~d ««— * — ’ “ “H^lt. 
cw .r conatit-t <.li.to ,0 p.t—> i» “• «« ““*• *** “ 

apparently -.cuf «*• «*»«** *>" *« ** P ° PP **' 

Int.m.l 1.1«. «... conduct* on tn.X.S.I. V.l« cin, nitron 9» « 100 *10 

. no-rf th. ana— ly to b. -bubbl. tiohf both b.fc« — .«« th. t..t. 

s-0 rr— . - «—*»“» •* “* i "’ ” ,9,a e ° ,w<,n * nt * “ 

~nta.in.tion ,.n.r.ticn o f critic.! c*pon.nti in .or. -Pi.. 


I 
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i-i.U; iuujp - 1 ..... • iijn i 
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opp— IRRADIATION activity calcu lations 
Rocketdyne ASI Valve 

m . defile of the coloulatioo. to d.t.mln. th. pot.ntd ootl.lt, end “'*<“ 

lotion d. lor th« vivo M.t ond .ten or. Mom In MU >1- — «» «»l«“Utron. 
for the valve Body_are shewn in Table 2-2. 

T.t .1 octlvlty obtoined Irr-iotln, both co.pon.nt. ot tn. «» *•** lo th, th.r -1 
column is given as t 

47.1 wCi Valve seat and stem 

6,1 fflCi Valve body 

51*2 mCi Total (after 1 hr decay) 

ttl. v.ino of 53.2 nci 1. boMd. on th. flox In th. th.rn.l oou-.ol«h »o.,l»x d.pr._«- 
. l0B . Th. v.lv. bod, .ill b. cropped in Cd nhlch .111 *««••• «• * 

flux d W r..nl» focfr of 5. th. octi.it, o<tdr 1 ho>« .iU b. 1. .Ci ( W ronUot.l, 
th. rodiooctiv. ~t.ri.lo llc.no. .Uo«bU lUlt). »i. U onl, •» .«!»•«.. • 

Irrodiot.d port. no, b. Uft in th. Moctor for -or* thon on. hour Ufor. cron, .rr 
th. irrodlotsd notoriol if th. port. con. out of th. .Motor -hottM" thon .«p.ot. . 

Innedietel, oftor 1 hour irrodlotion, the lotol ootl.it, i. deleted to b« 

94 mCi 

650 mCi aeat and stem 

750 mCi 

the dose rate la alio calculated to be* 

750 mCi _ D wr/hr or - 0 . 4.5 R/hr 
"10 nSI 60 mr/nr 

t . , th. do« rot. tnraedlet.ly oft.r irfdioiton-for 1 hour-»iU b. 4.5 B/hr. It i. 

. th , t th „ v . lv . p. i.,t in th. .Motor to dneo, tor 45 nlnutes ofter 
therefore suggested that the vaxve om * 4 . . lfe will 

lrr.di.tlon. B, .hot tin., th. .Port h.lf-U,. !*<**•• MX »•«• <«.o«,.d «d »1 » 

M pM.lbl. to MtiMt. ho. n»oh odditlonol d.M, tin. IB -...or, bofor. th. n.t.ri.1 

may be transferred. 
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nPCKRTHYNR ASt VALVE P/N 


TABLE 2-1 

308880, VALVIt BODY PUR- IRRADIATION C ALCULATIONS 


(Valve, body - 100 g ffi .0061 A1 t - 1 hr ♦ • S x 10**) 


31-51 
F.-S9 
Cu-64 
Mn-56 
Mg -17 
Cr-Sl 
2n-69 
3T1-S1 
Cu-66 
Al-23 


100(0. 08)(0. 05)s 

100(0.07) (0.0055)! 
100 (0-004) (0.7.0): 
100(0.0015) (1-00): 
100(0.012) (0-11): 


0.24 

0.025 

0.28 

0.15 

0.15 


100(0.0025) (9 -186): 0-046 

100 (0.OO1S) (0.055): 0.00! 

100 (0.004) (0 . 50): 0.12 

100(0.96X1.00): 96.0 


MW 

(gm/gmole) I 

[xl0**ca*) 

mi 

30 

0.10 

2.62 ( 

Sft 

1.2 

L080 

63 

4.76 

12.8 

$$ 

13.5 

2.58- 

26 

0.3 

0.16 

5 50- 

16 

048 

68 

1 

0.87 

50 

5.3 

0.083 

6J$ 

1.9 

0.08S 

27 

0.23 

0.038 

TOTA 

LS:. 



*v0 
0.0559 
0.2555 
0 J987|L 
Ml 
0.56 
1.00 
1.00 
1 . 00 - 


0 

.45x10* 
.80x10 * 
.15x10* 
0 

2.98x10* 

5.75x10* 

2.79x10* 

6.40x10* 


lo.768ll. 12x10** 
0 

1.95x10*" 
i. 20x10* 


L 50x10*9 



&.iixio*r 


NOTES: * * all 6 

t all 6 

t Activity at removal from the reactor 
1 T-activity after 1 hour-irradiation and 1 hour decay 

The follOKin* it the equation uaed to calculate the activities: 
A(vCi) 




3.7 x TIF 


TABLE 2-2 


ROCKETDVNK AST VALVE P/N 508880 , VALVE SCAT 
(Valve teat and stem • 100 gst A 


AND STEM PftF.- IRRADIATION CALCULATIONS 

,-286 t~5 1 hr • S-* 10**) 


(gS) 


, Mfi \ e. , , 

( gm/ gnole)l(xlO * * cm* )] 


Mn-S6 100(1.00) (0.0155): 1.55 
Si-51 100(0. 05)(0. 0095): 0.028! 

Cr-Sl 14C(0.00«)(0.1S): 0.06Sj 
Ni-65 100(0.0116) (0.20): 0.30 

Ti-51 100(0. OSS) (0.0215)0.11 

V-52 100(1. 00)(0. 003): 0.30 

Al-28 100(1.00>(0.002): 0.20 

M0-99 100(0.24) (0.0125) 0.30 

# Mo-101 100(0. 10)(0. 0125): 0.12 
Fe*S9 100(0. 0035) (O.SS): 0.18 


ti/t 

(hr) 


ll-e 


55 

13.5 

2.58 

0.235 

6.10x10* 

ioO 

30 

0.10 

2.62 

0.232 

1.70X10* 

0 

50 

16 

648 


0 * 

■i 

64 

1.7 

2. 55 

0.238- 

1.54x10* 

■ED 

50 

S.3 

0.083 

1.00 

9.24x10* 

D 

51 

4.9 

0.062 


2.33x10* 

100 

27 

0e23 1 

0.038 

1.00 

1.33x10* 

100 

98 

0.14 

66.6 

0.01 

0 

m • 


0.20 

0.24 

0 .95 

1.85x10* 

100 

&a 

1.2 

1080 

M) 

0 

• • 

TOTAL! 

U 



9.37X10" 

Y 


A 

(wCi) 


activity 

(i> 


TTtr 


A 

(uci) 


&e765 ! 4.66y 10 % 
0.768|l. 31x10** 
0 

0.762JI. 17x10* * 
0 
0 
0 
0 

0 . 2 $ 

0 


0.90 

0.0S 

1 


k.71xl0*f 


NOTES: • % all E 

E $71 E 

t Activity at removal from the reactor 
f activity after 1 hour Irradiation end 1 hour dacey 

The following if the equation used to calculata the activities 


A(vCl) 




•e* U ) 


3. 7 x la y 
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FIGURE 2- 5 
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Energy Mev 


test NUMBER:* 3 

TEST -ITEM: Solenoid Actuated Propellant Valve 


' The urpoe. Of thl. teet we. to determine the confident generation ch.recteri.tico 

of . Hergu.rdt Valve. P/N T-12397 S/B 010. es- a- function of the number of cycles throuch 
.hich the valve he. been operated. The ft we. designed to simulate certain typical 
operating condition, of floe and pressure. Some typical -Went condition., i.e. temp- 
erature. fuel tetter need) . acouetic noie. level, and vibration, mere not Emulated. 

te.t ... conducted foc-th. ... mu. de.i,n operating life** <20.00. cycle.) of the 
valve. The valve... lea* tested before, during, and after the te.te The contami hast 
denotation was monitored, using, auto-radiotracer techniques. The-first 10,000 cycles 
used clean ta.t fluid (mater) -nil. the ..cond 10.000 cycle, mere conduef with fluid 

contaminated with AC Coarse Teat Dust. 


2.2 procedure 

The procedure, follou -1 in conducting tb. contaminant ,.n.r.tlon .tod, ar. «.<»» 
th. nttschod T.« Plan. Th. valve component, (aprlng. nprin, endcap.. poppet, end the 
valve aeet and naee) mere Irradiated for on. hour at a flu. of 1.5 « 10« n/c.2 - no. 

Thl. yi.lded . total activity o£ S.5 »Ci. almo.t .11 of -bleb me. Hn-56 from th. ateel 
comp -meets. The pleorOgreee seat, eatimeted at laaa that 15 of the total meee of mat 
.rial- irradiated, yielded relatively little activity. Cans, spectre for th. verioe. 
valve components. Irradiated ere ehomn in Figure. 3-1 through 3-4. The activity colco 
lation follows the Teat Plan. 

yollomlng the irradiation and faamfely »« a» »•««" ’* lv * “** ‘“ t,u * a u th * 

loop e»d tea ted a. outlined- la the Te.t Plan. A ».l aciatillablon detector sy.tem 

... uf to monitor the three filter, .. th. valve ... cycled. Data ... continuously 
recorded using . .trip, chert records. After tout 5000 cycle., the teet me. tempore, F 
.topped to relocate th. v.lv. lh the teet if fetther «.y from th. three filter po- 
rtion.. this «. dene eo thet more .Maiding cold he plea** baf an th. irf.tad 
„lv. and th. acintillation detector, thereby incr...in, th. aan.ttl.it, of th. detector 
to any activity buildnp on th. filter, .hich might b. occurring a. the raault of valve 
...r. Pollouing th. reloc.tlou of the valve, the te.t ... ra.umed and carried out to 

completion accoiruing to the teet plan# 

2 3 Reaulti— and Analyulf 

V.l». ...r mat detected .hen th. flit... mere r«o..d from th. teet if «d counted 
„.i„, . 1 inch Mai acintillation nry.t.1 end counting eyatem. Th. filter, mere counted 


SO 


TEST PbAN 


1. Disassemble and cl2an the valve. 

2. Identify the types of motion. 

a. Sliding - poppet, body, spring, and spring end caps. 

b. impact - seat and base. 

3. Identify the materials to be irradiated. 

a. — Spring - In cons* 700 

b. Armature - 446 CftES, electrolyzed Cr surface 

c. Seat - Fluorogreen (Glass-filled TF2) 

4. irradiate- the valve components for 1 hr at 1 Kw (flux 1.5 x 10 n/cm 

5. Clean and reassemble the valve. 

6. Weigh filter screens and install them downstream of the valve (- 

a. 80 x 700 square mesh or equivalent 

b. 325 * 2300 square mesh or equivalent 

c. Millipore pad (5 microns) 

7. Install the valve in the teat loop, 

0. Perform an acceptance tests 

a. Pun-20 cycles dry (no flow) 

b. Run 180 cycles with flow 

c. Flow conditions s 

(1) M0 psi back pressure with the valve closed. 

(2) 0.88 gpm (water) at 17 psi with the valve open. 

operate the *.l*a thro** 10.000 cycle. with now (flow condition. .. dn.cribad 

for the acceptance test) . 

10 Remove the llltere end replace threi with similar, pi .weighed llltera. 
u Count th. liret ..t 01 inter, uein, . 3' N.1 eclntllletion detector .yttem. 

11. Run 10.000 cycle, with no. edding . totel ol 10 m, .1 « coertu Puet eocordln, 
to the following .schedules 

e. Rdd 2 end operate 500 cycle, lor . totel ol 1. add. <10 mg. a»d 50.0 cycle.. 

b. Add 4 mg and operate 500 cycles 

Totals t 24 mg and 5500 cycles 

c. Add 4 mg and operate 500 cycles 

Totals t 28 mg and 6000 cycles 

d. Add 2 mg and operate 1000 cycles 

Totals t 30 mg a..* 7000 cycles 


I 


e . Add 4 mg and operate 1000 cycles 

Totals: 34 mg and 8000 cycles 

£. Add 2 mg and operate 1000 cycles 

Totals:— 36 mg and 9000 cycles 
g. Add 4 mg and operate 1000 cycles 

Totals: 40 mg and 10,000 cycles 

13. Terminate the test at 20.000 cycles, 10.000 without dtast and 10.000 with dust 
additions. Leak. test the .valve. 

..con. ..t of ....... 1 — -*» doctor 

system. 

15. Weigh both sets of filters. 


A 



ACTIVATION O? VALVE- COMPONENTS 


H m m<nftNa j^ -e “0.693t/t|j j (f) x 
MW 


lmC l 

377 x 10 7 dps 


A . * Activity - ttCi — 

„ m Mass of sample irradiated - g* 
c • Neutron absorbtion-cross secitort - cm 2 /atom 
p * Neutron- flux.— n/cm 2 - sec- 
Na - Avogadro's number - 0.6023 x _10 2 * atomS/mole 
hh - Molecular weight 
- Half life 

f . Abundance of specific isotope 
t • Irradiation time 

. j. 1 are ¥q be irradiated. s6 Mn will be the only 

Approximately 50 gtn of stainless steel are to oe irrao*» 

isotope produced to an appreciable extent, 

tjj ■ 2.58 hr 

m “ 45 gm 

{ • 0 . 02 — 

MW - 55 grn/gmble 

<r • 13 x 10” 24 cm 2 /atom 

Irradiate the material for one hour at lKwt 
t - i hr 

^ . 1.5 x 10 1& n/aa 2 -sec 

Th«n t 

A - (45) (13) (1. 5xlQl^V (0.6023)_ ^,-0. 683/2. 58 ) (0.02) 

' 55(3* 7x10^) 

A - 5. 20x10* (1-e - ®* 2 ®®) 

A • 5 . 20X10 *• (1-0. 765) 

A • 12.2 mCi 



i„ . he„ led shi«ldt thus minini.lng «h. ln t l»sn«..o« th. n.tur.1 -ackgrouC scis- 
sion. Th. t.o .... of f lltf ee -ithin t«o hour, of the rs.pocsiv. , 

of «ho tost. Th... tic. corr.8pond.il . 0 -.pproxict.ly U and 19 hours. .r.spaotlv.1*. 
fro. th. tic th. p«t. had b«.n irradiated. dee .p.ctr.,for th. .ix filt.rx couutC. 
background, and.a calibration ruh ae-Coe in «gure 3-5 through 3-12. TCI. 3-1 
summarize* all the counta_that_y?ere .taken. 

Analysis of th. filt.r. in thi. enn.r yUld.d th. folloCn, Cult.. reactivity on 
tn. 32S X 2399 acren fro. thcflr.t B.rt, of th. t..t J». 920 cp«. «bov. bnckground 
(Pigur. 3-9). th. activity on th. 5p .HUpor. p.d ... 554 cp. Co.. b.oh, round incur. 
y- 5 ,. cd no activity ... d.t.ct.d on th. .0 x 7.0 .ere fro. th. «ir.t part of th. 

„.t. Th... count rat., at. corr.ct.d for decay back to th. tie of real fecth. 

reactor. 

* 0-OSp Cl eg- 137 .cure. ... for an approxlnat. oallbratlon of th. cent!., aya- 
f . c-137 having . ,e. p.C at 0.47 HaV. .pproxi.at.ly th. f. .n.r«r '■ th. Hn-54 
Pf at 0.94 H.V. and th. tuo peak. b.in, of apBroxin.t.ly th. .«. uidth. u.ing th. 
derive calibration in ef of epo/uCi and th. initial .paoifio activity of th. irra- 
Oice parts. 10 C Hn- 56 / 45 gm, th. fencing a»e»t. of ,.».rtt.d enfinant oolle 
f on th. fire ..t of filer. «r. Mti«at.d (corr.ct.d for d.c.yl ■ 

SO- X 700 acreent 0- 

325 x 2300 scream 22.7 

Hitllpore-padt 15^4/xgm 

Ho .etlvity ... dedoud on any of th. — ~t of filer.. Thi. could ieicat. 
ft no ear ocourre during, th. ..cond part of th. t..t. Hov.v.r. it euld t a 

addition Of th. AC coat.. du.t during th. fed part of th. t*.t vould .foe. th. 
ear Of th. valve. TCr afore,--. nor. probable .xplanation i. d.cay of th. hn-54 fol 
fin, th. ..cond part of C-ft. On. to d.c.y of th. Hn-54. C. l.v.1. »« » 
to b. deteotod. ht th. tie th. first ..t of filer. ... conned, th. aotlvlty pn th. 
3,5 , 2399 .of. cd th. nlllipor. P e ... 23.3 »d 17.7 cpn abov. b.ckgroundi r..- 
peetlvaly. Th. ..cond ..t of flit... ... conned .1. hour., or Coot t.o half-liv.. 

of f Hn-54. after th. flr.t . Thu unin, . built-up of gf rate contednee 

on th. second ..t of fll«r. .IniLr to th.t found oh th. flr.t ..t, th. .oti.lty ,«val 
fid b. den by . fetor of four, or only 4-5 cpn Cov. background, Clch 1. not dee- 
ebl. .1th an, dee. of .t.ti.tl..l ellCility. The. .hil. it in .feed that f. 
...r did occur during th. ..cond part of th. t..t, th. ...r ... too .light and th. 
.fining etlvity l.v.1 too lo. for th. buildup of ,.n.r.t.d cont.nln.nt. on th. no 


Bec.ua. of oh. low 1~U of activity colLot* c th. mt.r. .nd th. ..Utively high 

Aground r.di.tio. 1...U at th. fiit.r PO.ition. .« to th. P~,iMty ' 

. . . _ — _ 4 .W-* fiLterfi was not seen with the on 

* ad valve*, buildup of generated contaminants on the filters w 

2 ™ — Of th. v.i,. - th. of 

— - — - - — 11 n r.rr 

background_lev.i. but eh. ov.ralL-.yt.. ...aitiylty.... 

0 £ contaminant buildup on th. filter. could »« ** —» on-lin.. hnoth. 

tor which c«u..d difficulty, in monitoring th. <wr cnrlin. wa. th.t th. ««“''*' « 
primarily frpm.hn-K. which d.caya with a relatively, .hurt haif-lif. of l.» hr. 
Thu. while it i. expected that «.r oo,Ltin«.d throughout the t«t. it h.c«* pregr.^ 
oively morn difficult to dnMW th. activity buildup on th. filt.«. 


TO verify th. pfllmlniry ..tiwf.. of th. wight of ,...rat.d ..t.ri.l coll.ct. on 

1 .crla, . wan — - th. pnpp.t «. it— und.r 

tic.1 to th. initi.l irr.di.tlon. Phi. PtouidW «. accwat. calibration of th 

in, .y.t.n). Pain, thi. dibr.tion d th. cwnt rat. dw. Pr.viou.1, clLcWd for 

m. u ..r t.nt. «». «~«nt of m.t.ri.1 «cU.ct.d on th. fllfr wn. .or. a.c»r.t.ly d. 

mined. 


Th. dll .ample of material «) th. poppat of th. valve ... irradiated with 

neutron, unin, . nnelwr reactor. Th.. condition, of th. lr.adi.tion ,.ry clo..ly .PPrer- 
“ Condition. Of th. initial viva irradiation. irradiation P.rad.r. - 

r tTv tl c.lcnl.tlcn. ... panted in th. motion — dculation.. which 

Ilow.. Th. — staple w. conn—, a 3-inch « .clntlllatiw cry.t, «d 

mV ■ _ w % 4 t were used as a standard to which 
multi-channel analyzer. counting system. The results wer 

_ . • determine the amounts of 9®^ 

.h. pr.vion.iy obMlnrt r..ult. w.r. c<-par.d in nrdnr to d.t.rmin. 

nrnted ccntaniaanU collated on tli. filt.r«. 


. tivlty of nn.36 in th. irrwli.t.d pr.p.r.d .tand.rd a«pl. ... l.2» « 1"’ 

im - — - - — - — -r rr ;r " 

I.V.I. (corrected for tc th. tiw 0, r.wv.i fren th. factor) d.t.ct.d 

filterst 2 

♦1 - 125 a 2300 screen 8*20 x 10 cpm 

fl - Millipore pad 5.54 x 10 cpm 

Osing these data and the specific activity of the prepared standard, the following amounts 

cf generated contM.ln.nt. coU.ot«i on th. flltnr. .r. n.lcnlntnd, 

•1 - 325 * 2300 screen 27.8 micrograms 

|1 - Millipore pad 1«-? micrograms 
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Theae values compare with the previously presented estimates of 22.7^gm and 15.4 M gm for 
the screen and millipore pad, respectively. The differences between the valu^ calcu- 
lated here using the standard prepared from the valve poppet and. those calcuW *d earl- 
ier using the Cs-137 source are 20%. .This difference is most likely due to slight de- 
viations in the flux in either the first or both the first and second irradiations at 
the points of sample placement from the anticipated flux levels. In addition, the Hal. 
crystal has a slightly. different efficiency for counting photons depending on the energy 
of. the emitted gamma ray,. For the limited number of samples available, a reasonable 
estimate of the mass of generated contaminant collected on the filters is made..by aver- 
aging the two Values calculated for each filters 

|1 - 325 x 2300 screen 25.2/tgm. 

#1 - Millipbre pad 17 . O^gm 

A precis* determination of the amounts of generated contaminant collected on the filters 
may. be made by irradiating the standard sample under conditions identical to the condi- 
tions of the original valve irradiation. The critical parameter in obtaining results 
which are-precisely comparable is the integrated neutron flux which must be the same 
for both irradiations. The first irradiation was performed at 1 Kw. and the second at 
100 Kw, also, the beam port used in the first irradiation could, not be used for the 
second irradiation, therefore approximates, but does not duplicate, that of the first 

irradiation* 

Th. »w.r of tto activation analy.l. tacbuiqu.. for qu~fit.ti.aly datactin, **■>“« 
amount. Of wear of apacocraft propulsion ayalanJMU.pononta.haa been clear liLjtononatratad. 
Quantities on-th. ordar of M 9- -ould bs tapo..ibl. to dator»l»e uitb convaatlonal 
techniques. Tbi, i. particular!, true ubab on. oon.ld.ro the atron, poaaibtUt, of con- 
taminants fro. th. fluid, train*. Joint., and othar part, of th. toat loop bein, dapo.lt- 

ed on the filters. 


3.0 conclusions 

*hi» teat demonstrates th. foaaibllUy of ualn* radlocctlvaly taqjed componant. to maa- 
aur. wear. Bvan tboujh th. v.ar that too* place in tbii .bort duration teat autramol, 
small {about 38.1 micro*ram. eore dntactad) , tna method vas aenaitiva anou*h to detect 
tbi. trace quantity. In aub^udnt taat. ntbar taohnlqua. .ill b. taatad for eutandln, 

sensitivity of "on-line" monitors. 

It is interesting to note that the pre-weighed screen sampler showed a -pickup" of 0.004 
grams of contaminant after the initial 10,000 cycles of operation in the clean system. 
Apparently, the material was shaken from the system during cycling as the detectors show- 
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.a 0 „ ly o.ooooae-gr— of r.l...«d Jifttly attributable to th. ».lvo. Y.t 

.. -a., normal ifthod. of fating to. arronaoua concin. ion could b. drawn that the 0.004 
grams of material had come-ffom the valve. 

SIMUr roaults obtained after neighing th. filter, et th. concl«.io» of th. contamina- 
tion cycle test ehourf.e collation of 0.0301 gram. (0.004 or— of contamin^it were 
■ana to th. eyst.ni) . yot thttdtafctcr. indict* thet non. of th. -»t.ri.l orisinat.d 

in the valve. 

roeaiurementof pedicle g.n.r.tlon by co.pon.nt. uain, nocl..r trecr technigue. 
appear, to b. quit, feaeibl. and appropriate even under .ntr.rn.ly contaminated elite 


conditions* 


^tviTTOM CALCULATIONS 


A < -»4vation c * Marouafdt V»’™ Poopet Samp1 ^ 

A(wCi) . nfi |^! a 2 i . (!-«'• ‘••* t/t */0 * 

A - activity (vCi) 

b • ®a»# of sample igmj isotope for. element 

l \ : •»« 

: iS!».SSSn c SS s . / ni«ii» («•/«») 

4 &T- uotop * 

t,/* - half-life (hr) 


For this activation. 


A m 3.26 x 10‘JLgm 
f» • 1.00. _ x 

J* t 0.6023 x 18** atoas/gmole 
5. • 13 x 10-** cm* 

4 - S x 10* n/ cm*'- sec 
MW • 55 gm/gmole 
t • 1 hr 
ti/t * 2.88 hr 


9 

A . r Cl-.' 

A • 1.2S * 10* (1-0.J6S) - S-»S * ct - 0-90 1 10 ' *R 

count t.t. (c.rMc«.4 for 4.c«r) - .».»• x in’ cp. 

Weight of sample - 3.26 x 10 gm- 

Specific Activity - 1)24 x IS 51 ' 1- “ * W •» 

por tk. Atterlai coll.ct.d on <k. «.t ««•». th. ^.cific Activity 
of the Mh-86 is: 


loSjCi 

45gm 


2.22 X 10* 


g a r, siag a sa waaibt J ^ - »•” 

xOrtt be included in the calculations* 

On December 3, at 10:34 P.M., Ch 85 * 10 channels - 11,168 cpm 

Removed from the reactor at 8:30 A.M.. t - 13 hr elapsed time 
jXt . # *. ••«(!«)/*. ** - — 34-8 

Ti..r.for.. rt. count vAt. At t • «, i. t.ll7xM*xJ.MX10*^ 


Activity - S.SO pCi 
Count rate * 3.90 x 
Weight of standard 

328 x 2300 screen: 


10* cpm f 

■ 3.26 x 10 *gm J 


* 1.20 x 10’ 


8.20 x 10* cpm x 0>405 . 27.8 pgn 

1.20 x 10’ 


8.84 x 10* cpw x Q.40S • 18.7 Pgm 

1.20 x 10’ 


Millipore pad: 


TABLE 3-1 

SUMMARY^ OF £AMMA SPECTRA 


Counting Time 
(minutes) 

Eiflure No« — 


c-s 

Spring end cap 

C-6 

Valve seat and base 

C-7 

Poppet 

C-8 

Spring 

C-9 

Background 

c-io 

#1 Millipove pad 

c-ii 

#1 80 x 700 screen 

C-12 

#1 525 _x 2300 screen 

C-13 

#2 80 x 700 screen 

C-14 

#2 325 x 2300 screen 

c-is 

#2 Millipore pad 


10m 

10m 

10m 

10m 

10m 

10m 

10m 


C-16 


0.05 pCi Cs-137 source 
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FIGURE 3-2 
VALVE SEAT AND BASE 
















»2 go x 700 SCREEM 
rnWTAMlNATED RUN 






FIGURE 3-U 


*2 




MILL I POt*. It 


P1LTP.K, 


r.ONTAMINAthD RUN 



assss*"" 8. 


FIGURE 3-12 

O.OS uCt Ca- 137- SOURCE 


I 


O.M M«V • W C* 



TEST. NUMBER i 4 

test ITEM; Hydraulic Actuator 


' *•* «» 


1.4) Scope . . . _ 

The purpose of this test was to determine the «ont»«~-.t generation- characteristics 

of a typical, hydraulic actuator, (as shown in Figure 4.-1) , as a- f unction of the number 
of cyeles through which the actuator has been operated, the unit was operated under 
unloaded and loaded operatirtg_conditions through .a total o£_5,400. cycles, leakage 
from the actuator was measured intermittently during the test. The contaminant genera- 
tion was monitored using auto-radiotracer techniques. 

2-0 Procedure 

Th. .procedure. folio.. A In conducting =h. ...r-atud, or. M »» «>• 

OOOO.WO compo».nt. (body, Pi.ton. ood^lo,. — irr.di.tad for 3. « »« 

of approximately 3 X l.“ b/o. 2 —^- Thl. yl.ld-3 . totol oobilr, of approximately 
,0 .cl, mainly Cu-o« in th. buahin, and Co-64 .nd xn-56 in th. •«««“ body. 

w ,.o ot material romovad from th. 7073 aluminum body and Cu-0. buahln, .or. lr«dia- 
t. d .ion, .1th th. actuator componantn. Th... aampla. .or. -»•« a. th. calibration 

otandarda. Th. pi.ton, b.inp mud. „f 4«C .talnlaa. ««1. *• «"» * ith “ 

tb. body or tb. boabln,. It ... therefor. ad that If any partial, panar.tlon ..re 

« occur It vould be from tb. bod, ond bort»ln, rather than-frc th. pi.ton. Thl. ».u»p- 
tlon ... l.t.r verified by th. ab..oc. of th. ch.ract.rl.tlc ,m»a data, pa— corraa- 
p^dlu, to th. alloy lop' oonatltuant. - 4.0C atolnUa. at... »«>.*— *’«“* * 
generated contaminant** 

rcllowinp tha trradlatioc and reassembly o* the actuator, it .aa inatallad Ic t 
loop and taatad a. outlined In th. Ta.t Plan. » ach.rn.tlo dia,r» of th. «..* 1~P » 

,b«» 1» Pipuro 4-3. On. modific.tion to th. T..r Pl.n ... mad. durin, th. to... «t.r 
3700 cycle a, th. dlff.r.ntl.1 praa.ur. Mr... th. aerdan. built up to a blphar value 
th«, anticipated. Th. acr..n-..r. romovod from th. t... loop and raplacad .1th cloon 
aoraana. Th. ta.t ... than ..triad out a. planned to completion, i.o.. to a total o 
1,600 cycle, unleaded 12,700 cycle. .ith tha flrat aat of aoreena and 000 cycles .It 
th. ..coed .at) ind 1,000 cycla. .1th th. actuator loadod iuafn, a third eat of .croon. . 
Tha activity collaotad on tb. acraon. ... lnt.rmltt.ntl, monitored durin, th. run vain, 

* two- inch Nal scintillation detector. 

| o T« «t Plan - Hydraulic f Vctuator 

7 . lnat.ll th. hydraulic actuator in th. ta.t loop and ln.t.11 th. follclnp filter. 


’ 
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'0f’ : JT ?.FT' 


2 . 


downstream of the actuator i 


a» 

b. 


80 x 700 screen {40 GBR) 
325 x 2300 screen (10- GBR) 


feat conditijonss 


* Fluid* MIL-H-5606 

!* pressure Source : Greer, supply unit 

e. pressure^. 3B00 psi^ 

?: Essis*; »» h..t ». — 


4e 

5e- 

6. 

7. 

8. 


InetalX a 325 x 2300 screen in. tshe-pteaaufd-line^ 

.Clenp tl»-cy.lindnr n * >t tho-eodn to_avoid roetriction of th. bore. - 

SrSS^!»i212S ‘ s ^ s " a ®* 3 *' 

- _ KntVv travel directions through the col 

Pass the effluent *«>"»**« th^activi ty of the^collection screens %*itth-a portable 

lection screens. Monitor t.ne acti/iior 

detector. — 


9. Repeat the leakage test (as in Step 6). 

10 Remove the replace the screens. 

u. 2^-yss- sr45 S° JSSA’ISSS S^-“= 

12* Repent Step 8. 

13. Repeat the leakage test (Step 6). 

14. MMM th. .crwn. «ot th. counting ~d on.ly.1.— 


et 


4.0 adults and Analysi s t4K «fion samples are shown in 

Th. ,««. .P~tr. fo^th. .etuotor body .»d boohing o^ibr.tic" •-»>« 

, 4 . 4 re.pectiv.ly. Tho body oonpl. yielded a Mn-M p. o 

7Z7*ZZ. — W— tb... .yctm. end .» .P— — . tbo 

Of 7.77 x 10 cpm/mg. channe l and five channels 

_. te considered is the total number of counts in t p 

rr: - - ~ 7“ 

^ - ... — » rr - - 

generate co„c«in.nt coll.ct.d o» th. v.rlou. .or«n. u..d doting 

Th. b..U pr.cdu... ucd to aneXyto th. t..t d.t. c « «•»»— 

.. count onch .or... n.in, . 3" »« .cintilUtlon dotoctot dnd counting •»«». - 
dototnin. th. Mn-56 nnd Co-64 .otl.lt, on coh ncrcn. 
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b. Using the Cu-64 calibration factor for-the body, calculate the Cu-64 activity 
correapspding to the measured Mn-56 activity. The Mn-56 can-come only from the 
actuator body. Subtracting the corresponding Cur€4 activity from the total Cu-64 
activity on the screen will yield the. Cu-64 activity due to the bushing. 

c. From the measured and calculated activities from steps (a) and (b) corrected for 
decay back to the time of the. counting of the standards, using the calculated cal- 
ibration factors, calculate the mass of generated contaminant from the actuator 
body and bushing collected on each of the filters. - 

the gamma spectra for the six screens, used. during the test are shown in Figures 4-6 
through 4-10. From these figures, it is seen, that the-. gamma spectrum for the FI Fine 
Screen is. the only ona which shows a definite Mn.-56- peak. - Using the data from the 
counting .of. this screen and the outlined analysis procedures, the_masses of contaminant 
generated from the body and bushing were calculated; the values are 0.42 mg and 0.19 
mg> respectively* 

At this point it is assumed that th« ratio of body material to bushing material remained 
constant throughout the test. By this assumption, there should be a Mrt-56 peak in the 
spectrum-for each of the -screens, but. as already indicated, these peaks do not occur. 
Close inspection of the data reveals some activity, though ndt a discernable peak, at 
the Mn»56 energy of 0.84 MeV. The absence of- t he Mn-56 p eaks is possibly explained by 
the following two considerations: 

a. The total activity on each, of the remaining, screens ranges from approximately 1 to 

10%-of— the total activity on the tl Fine-Screen. The Mtt-56 activity is therefore 
aliK> reduced by & factor. 

b. The 41 Fine Screen was one of the first screens counted; the others were counted 

at times from 3 to 5 hours later, or l to 2 half-lives of Mn-56. This also resulted 
in a significant reduction in the already low Mn-56 a?tivity level. 

Accepting the validity of this assumption enables one to distinguish between Cu-64 activ- 
ity on the remaining five screens due to particle release from the actuator body and 
that from the bushing. By the assumption, the ratio of -body Cu-64 activity to bushing 
Cu-64 activity will be constant throughout the test snd squal to that calculated for 
the #1 Fine Screen. Then, using the separated Cu-64 activities snd the appropriate 
calibration factors, the masses of contaminants released from the two parts and collected 
on the screens can be calculated. The results are shown in Table 4-1. 


Th , remits., indicate s total of 0.69 m, of g.n.r.t.d contemlcnt collected on tee fit- 
test throughout the test. The result for the coarse screen with actuator load d. 
while in.ignific.nt coopered to th. 0.69 m, of total collected contan.in.ht, in guit. 
significant in a different respect. For that particular case, 0.98 x 10' mg. or 
less than 1 microgram of material was detected. 

Figure 4-11 show, the contaminant generation history of- the actuator as a function of 
the number, of cycle, through which it ha. been operated. While the number of data 
pulnts is somewhat limited, the curve, do illustrate several significant. futures. For- 
oither body or th. hushing, the amount of . contaminant collated on-th. coarse ser<*ns 
i. a small fraction (approximately - ID of that collected on th. fin. screens. Therefore. 

Figure 4-11 (b) very needy-approximate, th. tocl contaminant generdion curve, for th. 
wo th. curves of Figure 4-11 (b) show a sharp initial rat. of generation which 

is ch.ract.rl. tic of a breaking in period. Thi. is followed by .a leveling off of th. 
generation rate, which is .1.0 shown. The sida-load was addad at 3,6.0 cycles. The 
curves shown that thi. added load did not have th. effect ihc.ea.in, th. rat. of put- 
icl. generation. - Th. fact that th. amount of generated contaminant collected on th. 
coarse screens was generally only epproximetely 24 of that collected on th. fin. screen 
give. . good indication a. to the particle sir. distribution of th. generated contadn- 
ant. The particles are primarily between 10 and 40 micron, in sire. 

5.0 conclusions 

The results of this test clearly indicate two of th. principle advantages of the auto- 
radiotracsr technique, used in th. contaminant generation study. First, if the con- 
stituent materials of th. component parti are such-thut they will yield different iso- 
lop.. upon lrr.di.tlon, th... different isotope, cun be used to quantitatively measure 
the overall particle geaeretion of tha component during opetution, end can aleo he need 
to distinguish between eo«r„. within the component. With thi. i» mind. pert, oould be j 

dopU with email qeuntitie. of mat.rl.ls-durin, fabrication so .. to earv. a. r.dio- 
treoer. upon irredletlon. Second, the result, indict, th. hip, seheitivit, ef th. euto- , 
radiotrecr technique .. epplied to cont.min.nt qeher.tion studlee. In thi. teet, quen- 
tltle. of generated ooncminant of 1... then on. mlerogrem were ...ily detected. j 


69 


TABLE 4-1 

MAS S E S OF GENERATED CO NTAMINANT COLLECTED 
HYDRAULIC ACTUATOR: TEST 


Actuator Part 
and 

Loading Conditions 


1. Body, unloaded 

2. Body* loaded 

3. Body, total 


Mass of Collected Generated Contaminant 

{milligrams^ — . — 

Screen ; tine Screen" j Total 

L 


4. Bushing, unloaded 4.33 x 10 2.03 x_10 


5. Bushing, loaded 


9.60 x 10" 3 4.49 x 10‘ 1 4.59 X 10 

2.14 x 10‘ 5 1-42 x 10'* 1.63 * 10 * 

1.17 x 10" 2 4.63 x lO" 1 4.75 x_10‘ l 

4 ^ in-* 2.03 X 10 * 2 2.07 X 10- 1 


0.98 x 10"* 6.45 x 10* s 7.43 x 10 


- 5 31 x 1C' 5 2.09 x 10" 1 2.14 X 10 

6. Bushing, total 5.31 x iu 

1. Total generated 2 6 ,n x 10" 1 6.89 x 10" 1 

contaminant i./u_x j 


• 4 »**. 
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SCHEMATIC DIAG RAM OP THE. HVS-RAULIC AC TUATOR TEST LOOP 



heat 

exchanger 





eiGVRF 4-3 



Energy -MeV — 


FIGURE 4-4 

GAMMA SPECTRUM OF THE BtlSWtHft CALIBRATION SAMPLE 


0.51 MeV 




oge Counts 




. FIGURE 4-8 


CAMMh SPECTRUM OF THE *2 COARSE SCREEN 
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TEST NUMBER » 5 

TEST ITEMS Ball Bearing Assembly 


1.0 Scope 

The purpose, of thic tee* was to determine the contaminant generation characteristics 
of a typical high speed ball bearing assembly while operating in a cryogenic liquid 
A special bearing test Apparatus designed for use with cryogenic liquids was provided 
by the ROcketdyne Division of North American Rockwell Corporation, it was originally 
planned to run the bearing for 3 hours or until failure using liqsid nitrogen at 4 g P m 
and 225 psia inlet pressure. However, one of the two bearing assemblies installed in 
the tester failed after only 12 minutes or 240,000 revolutions and the test was con- 
cluded. During the run the generated contamination was collected on filter screens in 
the flow system, and these were monitored on-line using auto-radiotracer techniques. 
Bearing incipient failure was noted on the monitors by rapid accumulation of bearing 
arterial prior to audible indications of failure. 

2.0 Procedure 

The test procedures followed in. conducting this study are shown in the Te-t Plan. A 
schematic diagram of the bearing tester and the teat loop is shown in Figure 5-1. The 
•haft of the bearing tester and two bearings were, irradiated for 1 hour at a flux of 
\pproximately 5 x 10*° n/cm* sec. This yielded a total activity of 5 mCi, mainly Cu-64 
and Mn-56, which have-half-lives of 12.8 hr. and -2.58 hr., respectively. 

Following irradiation, the bearing tester Was reassembled and Installed in the teat loop. 
Tha tsst was then run as outltnsd. A 2-inch Nal scintillation detector-wa. placed rear 
each of the two filter positions. Each detector had a separate readout. The output of 
the detector monitoring the fine screen was also connected to a atrip-chart recorder 
and the- relative activity of material collected on the fine screen was recorded contin- 
ually during the test. 

Tha taster was run briefly (3 minutes) prior to the beginning of the continual operation 
portion of the test. This was done primarily to check out the test loop. Following the 
system checkout, the bearing tester was brought to 20,000 rpm and run at that speed for 
the remainder of the test. 

Following the test, the filters were removed from the test loop and counted using a 3- 
inch Nal scintillation detector and a multi-chant,* analyter. From the results of these 
measurement., the mae. of generated contaminant, collected on the screen, was determined 



3.0 Results and Analysis 

During th. early .inure, of the continual ODerntlon poccloa of the te«t. e . o»-ly lu- 
cre... in the activity level of each of th. filter, -a. detected. This is shove in 
Figure. 5-2 and 5-3 which repreaent the uet.r reading, and a reproduction of the stnp- 
chart recording, re.peetlvely. After 12 Inure, of continual operation, a .harp rise 
in th. activity level, was detected. Thi..i. .1.0 .Down in Figure. 5-2 and 5e3. short 
1, following thi. rapid, increase in collected activity , a -arhed increase, in-the high 
freguency .ound-l.v.1 originating from the bearing teeter ... noted. It wa. ...uned 
that th... two effect, had been canned!* the failure of a exponent in the tearing 
tester, and one minute later the test was terminated. 

Following th. test, the unit wa. dl.a»..«bl.d and vl.uillyjn.pe«.d. Thi. ineepctlon 
indicated that the inner race of one of th. bearing, wa. binding. 

Figure. 5-4 and $-5 ahou-th. ganma aputr. for th. two .creen. u..d in th. te.t. Each 
ecreen wa. counted twice and the .pectr. indicate the relative decay of th. varlou. 
radioisotope, present in the .crew, A »all portion of th. collected contaminant ... 
removed from on. of the_.cr.en., counted, and weighed. ».lng thi. a. a calibration 
Otandard, the M... of generated consultant oolUcted on the ecreen. ».. determined. 
Th. reeuit. are 36.7 mg on-fh. co.ru .crun and 44.6 mg on the fin. screen. Thu. 
relatively lug. a~>unt. of collected contuinUt el.o confirm th. empuent f.llure- 


Th. WO bearing, wed for shew teet. conai.ted of 440C .uinl... etui inner and outer 
race, and a K-Honel cage in one bearing and a Pulon-J cage in th. other. -Of. the., 
materials. K-Honel 1. the only on. in which copper i. preunt. Therefore, th. pre.enc. 
of eignificent level, of cu-64 on th. filter., a. illn.tr.ted by the gu». .pectra. 
indicate, appreciable war of the K-hon.l cege. It ... the bearing with th. E-Monel 
ceg. which wa. found, by vi.u.1 in.pectlon following th. Met. to haw failed. Mangan- 
..., present in both K-Monel d.5%1 and 440C etelnleee .teel (l.Otl. wa. th. .cure, of 
ths Mn-56 detected on the screens. 

Thfe detectron .f 2u-64 activity on the screens when copper Is present only in the 
cage provide. poaitiu. indication that it ... th. E-Monel cage which yielded th. ma : sr 
portion of the collected cc.tuln.nt and that it ... thi. part of the hearing which In 
all likelihood resulted in ths cosiponent failure. 

Figure 5-6 show. th. bearing tester in operation. Liquid nitrogen from a auppty to the 
right of the photograph i* flowing through the bearing tester on the table and thence 
through the «wo filter acreer.s in front to the gamma detectors In their cylindrical »*ad 


conclus ions 

, a »ve excellent results in measuring the contamn; nts 

The auto-radiotracer method gave excellent 

p^c- *u — - — - “ «r»- - ~ 

^ PTUd... but *. ori,l» of «. ... — — *«*" 

the build-up of radioactivity. 



TEST PLAN - BEARING TEST 


1 . 

2 . 


S«t up ty.tm. in accotdanc with .chmatic WiWe *-*»--■ 

„„ p..».i,h.d collection IUt.» dfatfrn of h..rin, tutor a. follow... 
three of each.- will be required: 


a) 80 x 700 

b) 325 x 2300 


(40 absolute) 
(10 ft absolute) 


Pressure - 225- psig inlet 

Line size - 1/2 inch 

Total flow rate - 4 gpm 

Fluid inlet temperature - 160° R Max. 

4. install filter in pressure line. Use 325 x 2300 screen. 

5. Use Bently or alternate speed pickup on end of shaft. 

6. Open turbine seal drain to vent. 

Ettabll.h 115* P-*9 P~- «“ *“ “* l l “ dl "’ b * U °” 

si... coolant flow at appro.lmat.ly 1 ,P» to cool ft to oporatln, fp.r.tuf . 

’• u ‘ ln,1 ‘ *“*' 

u. Start 0» 2 flow to l«.U.r .lowly end .pin th. .natt u.ln, a rubf tlffijd rod in 

•“•; d countir-clockwl*. . driU-r.v.r«. ™chani»a will b. nc.d.d.1 

Brinp .haft .lowly up to 20.000 rpj. w^nltot-lNj outlot t«mp.r.tur. contlnuoualy 
to assure single phase flow through bearings. 

Monitor activity of collection screens. 

Paplace .croon. aft.r nlnjty minuf by dlv.rtln, flow throuoh P...11.1 ««»• 

This will enable flow to be maintained. 

Continue ft until th, 1. «h.u.t.d- th. ft duration will b. mown whan optimum 
flow rate* have been established* 

“5 ttjsssxsfsusrsx: ^•tayrai.-s: ss'^sr 

Car. .boo lo b. «..d in th. tr.n.f.r of th. .croon, to p.tri. dlf in order that 

all contamination is removed on the screen. 

. „ m11 to qive a good statistical value for the 

Use a forty-minute count on all screens to give a y 

measured spectra. 

thir u tuJr 0 fr^n'LH;t nt .:i n i si ss-s as 1 "!*;: 
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13. 

14. 

15. 
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.Starting 
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Coolant 
LN 2 Discharge 


Bearing 
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[Discharge 


Bearing Cavity Flow (1-2 gpm LN 2 ) 

Coolant Jacket Flow (2-5 gpm LN 2 ) 

LN 2 Inlet Pressure (320 i 10 psig) 

LN 2 Outlet. Pressure (40 £ 10 psig) 

Seal Loading Bellows Pressure (115 £ 5 psig) 
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Cesw-*«KM« GENERATION - BEARING TESTS 
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ON-LINE STRIP-CHART RECORD 
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TEST NUMBERS 6 

TEST ITEMt Various Plastic Materials 

1-0 STU-. - **• — > - « *• — — “ i of vaclou * 

„*»only »,.d ,.lv. seat and basrin, cage material —!>»«• *“ ir,al “‘-" 

which of the materiel# oonfin appropriat. radio-isotopes. “>«*" 

„ h. us«3 •• radiotracers in short-term confmination generation studies. The . 
ials ana ly reel are listed in Table 6-1. 

r»,, ••«»*'* »«• L "* <u *“ a ° f i - j - ,o12 n/c “ 2 -* e - 

.or . period of 3 hour.. Prior to irradiation, the sample. -re carafully clean. , 

...led in Plastic bag. in a claen toon, end r.-.e.l.d in cleaned plastic contain.^ 

Prior to counting th. irradiated sanies, the material s»ples were — fro. 
plastic bags and original plftl. container, and then transferred to nnirr.di.ted con 
tainers. This Procednre insured that the analysis reeled only thorn trace constitu- 
ent. contained in the material sample. thmsel.es and not in th. sa.pl. container, or 

surface contamination* 

Following removal fro. th. reactor, the sample. were counted using a sodium-iodide 

,».I) scintillation crystal and photomultiplier tube and a 400 channel puls, height 
analyzer. Count, were tahen at various tine, following irradiation to determine both 
the characteristic gamma energies and the half-lives of the various trace constituents 

of each of the samples. 

"mi.1-2 eusmarises the result, of the activation analysis. Th. activity values shown 
in th. table ere activity level, cf th. specific radionuclide, confined in one gran of 
the material sample Upon removal from the reactor. 

me Nyletron 03. K.1 r 01. Hulon-d. hrmalon. Fluoroc een s-300 and reprocessed teflon 
samples may have also contained Mn-36. However, d, to the relatively high activity 
of th... samples upon removal frm the reactor, it was not possible to count the samples 
until the short-lived Isotope, had doceyed. M.ng.nese-56 and perhaps silicon are 
suspected to b. th. isotope, responsible for the short-lived activity of these samples. 

0.«. spectra for th. thirteen material, are shown In Figure. 4-1 through 3-13. For 
th. virgin Teflon and K.1-F 81 sample, it is indicated in Figure. 6-1 and 6-6 re.pec 
thst what appear, to be a single pe.K is actually due to the presence of two different 


\ 


I 


I 


isotopen. £ 2 ch of the isotopes has a distinct gamma energy level, although the cr.sr*y 

difference is slight. For the virgin Teflon (Figure €-1) the two isotopes are li-Jl 

(1.27 MeV) and Na-24 (1.37 MeV) . For the Kel-F 81 (Figure 6-6) the. isotopes are Cu*64 

(0.51 MeV) and W-187 (0.48 MW). For both materials one of the paired isotopes has 

a significantly shorter half-life than the other? as the shorter lived isotope decays 
the contribution from the longer lived isotope will predominate. It is the difference 
in half- lives- which facilitates the identification of both isotopes contributing to 
what appears to be a s.nglepeak. 


1.0 Conclusions 

The cleaning procedures that were followed, prior to irradiation* insured that bhe 
trace constituents found in the analysis were actually constituents of the. material 
samples and were not due to surface contamination. The results indicate that Mn-56,_ 

Cu-64 and Na-24 are common to most of the samples analysed. It has yet to be determined 
whether these are characteristic constituents of the materials or whether they are pick- 
ed up. in. processing the material and component fabrication. Regardless of the source, 
however, both Cu-64 and Na-24 have adequate half-lives (12.8 hr and 15 hr respectively) 
to allow short-term wear studies to be conducted. This is, of course, providing that 
the specific activities of the irradiated component materials are known immediately prior 
to conducting the test and that the components can be irradiated, assembled, and tested 
within a period of approximately two days. 


The Kel F 81 sample was found to contain W-187 (half-life - 24 hr) , the DClrin sample 
was found to contain Au-198 (half-life - 64.8 hr); and the Nylatron CS sample was found 
to contain MO-99 (half-life - 66 hr). While none of these radioisotopes has a sufficient 
ly long half-life to be used as a radiotraceu-in a long-term generation- study., all have 
half-lives significantly longer than those, of both Cu-64 and Na-24. This will allow ... e 
performance of contaminant generation tests over periods of greater than the two-day 
time limitation for materials containing only the shorter-lived isotopes. Using W-187 
as a radiotracer in a contamination generation study, the corresponding time restriction 
would be 3 days; and for Au-198 and Mo-99 it would be 8 days. 


Specific activities somewhat higher then those achieved in the 3-hour irradiation would 
be required to obtain significant data in a longer term contaminant generation study in- 
volving the materials analysed. From the results presented, the period of irradiation 
required to achieve the desired activity level may be extrapolated. For a typical long 
term contaminant generation test, the initial component activity should be on the order 

of 10| Ci. 



Utilizing the longer half-lives of. W-187 and particularly Au-19e and Mc-99, the res- 
pective materials may be irradiated to the desired specific activity level of c a of 
these isotopes. After 3 days, the shorter lived isotopes will have essentially decayed 
away and only the longer-lived isotope will remain at appreciable activity levels. 

The .Rulon-J sample contained approximately 10 Ci/gm of Cd-115 (half-life 53.5 hr), and 
the Fluorogreen E-600 sample contained approximately 0.5 Ci/gm of Cr-Sl (half-life 27.8 
days). Both of these isotopes are promising for contamination .tests. The Cr-51 spec- 
ific activity in the Fluorogreen E-600 could easily be increased by extending the irra- 
diation period. Six hours irradiation would yield -approximately 1 Ci/gm of Cr-51. 

The Cr-51 which develops by irradiation of Fluorogreen E-600 makes this material espec- 
ially promising for long term tests. The material can be irradiated to the desired 
specific activity level-of the Cr-51 and allowed to stand before use so that essentially 
all of the shorter lived isotopes will decay away, leaving only the Cx -1 at very nearly 
its initial specific activity level. 



TABLE 6-1 


LIST OF SAMPLE MATERIALS 


Sample Material 

Mass 

i2Hl_ 

1. Virgin teflon 

6.60 

2. Kynar_ 

1.41 

3. Vespel 

5.55 

4. Teflon FEP 

6.31 

5. Nylatron GS 

6.93 

6. Kel F 81 

5.80 

7* Reprocessed teflon 

27.75 

8. Nylon LP 410 6/6 

7.43 

9. Delrin 

3.98 

10. Rulon-JL 

0.88 

11. Armalon 

2.85 

12. Virgin Teflon 25% glass-filled 

16.68 

13. Fluorogreen E-600 

15.94 


13 . 


TABLE 6-2 

SUMMARY OP ACTIVATION ANALYSIS RESULTS 



sample 

Identification 

Isotope 

Composition 

Half-life 

(hr) 

Activity 
( Ci/gm) 


1, Virgin Teflon 

Mn-56 

Si-31 

CU-64- 

Na-24 

Total 

2.58 

2.62 

12.8 

15.0 

0.3 

0.07 

0.5 

0.02 

7751" 


2. Kynar 

Mn-56 

Cu-64 

Na-24 

Total 

2.58 

12.8 

15.0 

0.1 

0.1 

0.03 

~5Tir~ 


3, Vespel 

Mn-56 

Cu-64 

Na-24 

Total 

2.58 

12.8 

15.0 

5.9 

2.1- 

2.1 

15.1 


4. Teflon PEP 

Mn-56 

Cu-64 

Na-24 

Total 

2.58 

12.8 

15.0 

1.5 

1.5 

0.7 

—377 


S. Nylatron GS 

Cu-64 _ 

Na-24 
MO- 9 9 
Total 

12.8 

15.0 

66.0 

1.4 

0.25 

1.6 

3.i 


6* Kel P 81 

Cu-64 

Na-24. 

W-187 

Total 

12.8 

15.0 

24 JO 

4.0 

3.7 

4.3 

©# 
£ *8 



1775 

e & 

7* Reprocessed 

Cu-64 

Na-24 

12.8 

15.0 

4.3 

3.4 

? r 

Y~ 

O r 



Total 


”777 

8 . Nylon 

LP 410 6/6 

Mn-56 

Cu-64 

Na-24 

Total 

2.53 

12.8 

15.0 

2.2 

0.6 

0.3 

B3 7-. 



3.1 

Q ** 

4* Delrin 

Mn-56 

2.58 

12.8 

15.0 

64.8 

C.09 

0.06 

0.03 

0.005 

o tr, 
& & 


Cu-64 

Na-24 

AU-193 

Total 

Na-24 
Cd-115 
Sc- 4 6 
Sc— 75 
Total 


10. Rulon-J 

15.0 

53.5 

83.8 day 
120.0 day 

— 5715 

13.4 

10.1 

0.01 

0.35 



23.9 " 


11 . Armalon 

• 

CU-64 

Na-24 

SC-46 

Total 

12.8 

15.0 

83.8 day 

155*0 

126.0 

0.1 

75T7I 


12. 251 Class 

Filled Teflon 

Cu-64 

Na-24 

Sc-46 

Total 

12.8 

15.0 

83.8 day 

48.8 

51.4 

0.02 



17572 “ 


13. Fluorogreen 
E.600 

Cu-64 

Ha-24 

Cr-51 

Sc-46 

Total 

12.8 

15.0 

27.8 day 

83.8 day 

60.8 

66.5 

0.5 

0.008 



17775 




Counts 















PinURE 6-13 

0.31 •' *' VMinunr.REUN li- 600 



i 


TEST NUMBER: 7 

TEST ITEM: 3/4" Teflon Seal Ball Valve 

1.0 Scope . 

The purpose of this test was to aetermine the contamination generation charaetons 

of a 3/4" ball valve eguippea with teflon seals. Tests of particle generation were 

conducted in both gas and liquid-systems. As relatively large amounts of generated 

material were anticipated, the gravimetric method was used. Figure 7-1 shows a cross 

section of the ball valve. 

2.0 Procedu re 

2.1 Gas Test 

2.1.1 Itero 

Prior to beginning the test, the valve, consisting of a 303 stainless steel ball, stem 
and body and Teflon primary and stem ...1. was di....«d.led- ultr.sonicAlly yeaned 

and reassembled. 

2.1.2 Test Description 

The valve was installed in a test system consisting of a nitrogen source, a pressure 
regulator, a 10 micron filter immediately .upstream of the test valve, the test valve 
and a 10 micron (325 x 2300) collection screen immediately downstream of the test valve. 
Four (4) pre-cleaned. dried and weighed collection screens were provided, as it was 
planned to perform the test in four (4) increments of 100, 100. 500 and 1000 cycles. 

& pneumaticlly operated actuator and counter was installed to provide 20 on-off cycles 
of the test valve per minute. The regulator was set to deliver nitrogen to the test 

valve at 100 pisg. 

The first test consisted of 100 on-off cycles. At the conclusion of this test the 
collection screen was carefully removed and replaced with a clean screen. The collec- 
tion screen was dried and weighed to determine the amount of contaminant collected in 
the first 100 cycles. This procedure was repeated three times at increments of 100, 

500, and 1000 cycles for a total of 1700 cycles. 

2.1.3 Results 

Table 7-1 shows the weight of contaminant collected in each test increment. Figure 7-2 
shows the test data presented in graph form. It can be seen that after a sharp rise 
in generation of material, the rate of generation became relatively constant as shown 
by the straight section of the graph. A large amount of material was released through- 
out the test, totalling 28 milligrams after 1700 cycles. After weighing the screens. 


I 


$'**. '*N 




a,., were examined under . microeeope at <0 end 100 power. The ,en.rated materiel 
coneiated entire,, of .nred. and particle. ot Teflon ranp.np in site form 11 nitron, 
t0 2000 microns. Tie larpeat particle me.enred 1000 x 1140 mlorone. 


2.2 Liquid Test 

2.2.1 Preparation of Test Item 

main ...la and ate. seal were provided and the valve wa. prepared for -teat a. in 

2 . 1 . 1 . 

2.2.2 *ivmg fc Description 

The valve was inatalled in a lipoid test a,stem u.ln, water a. the test fluid. The ays- 
tem .a. similar, to that ueed.for the teet except that the nitropen aouroe ... re- 
placed h, a reservoir and puts, h flo» control valve set to deliver 1 ,pm of water re- 

placed the pressure regulator. 


Th. t..t we. conducted in five (5) lncrements-of 100. 100 , 500, 1000. and 1000 cycle, 
for a total of 1700 cycle.. Th. collection .creep ... removed and w.i,hed after^H 

increment. 

T ^. 7-1 .how. the weipht-of contaminant collected in each test increment. Pipure 7-1 
.how. th. plotted test data. The peneretion rat. remained relatively constant until 
1,00 cycle, a. .hewn hy th. straipht action of th. plot and then decrea.ed durin, the 
lent t..t increment. Th. total amount of material pener.ted in 1700 cycle. w»s_ePProx- 
imately twice that collected in the gas test. 


Microscopic examination showed th. penerated metoti.l to be Teflon shred, and particle, 
with .ire. varyin, from 15 micron, to 10.0 micron, a. -a. obaerved in the pa. te.t. 


3.0 conclusions ' . . .. 

Wh„ th. valve -a. di.....a*.l.d and .xmnined after both testa, it was apparent that 

aourc. of the Teflon material we. the atm. and .cal and not the primary ball .eal.. 

Ph. stem seal 1. c.»pr....d by a clamp plat, fordn, the Teflon to cold-, low and form 

. .eal with th. valve atm.. »• the Teflon cold-flow., it .Uo extrude, throuph th. 

clearance apace between th. .tern and th. bedy. *. the valve i. cycled th. thin extru- 

a, on bred, off and fall, into the cavity between the flat side, of the ball aod th. 

body. 6ub.epu.nt rotation of th. ball throuph 50 depr the shavlnps into 

th. flow stream and where they are collected on the downstream filter. 


TABLE 7-1 


CONTAMINANT GENERATION TEST - 3/4" BALL VALVE 


Run 

Gas Test (Nitrogen) 
Number of Cycles 

Weight of 

Contaminant mg 

Number 

“Per Run 

Cumulative 

Per Run 

Cumulative 

1 

100 

100 

6.6 

6.6 

2 

100 

200 

4.1 

10.7 

3 

500 

700 

5.5 

16.2 

4 

1000 

mao 

11.8 

28.0 


Liquid 

Test (Water) 



Run 

Number of Cycles 

Weight of 

Contaminant mg 

Number 

Per Run 

Cumulative 

Per Run 

Cumulative 

1 

100 

100 

2.0 

2.0 

2 

100 

200 

2.7 

4.7 

3 

500 

70jO 

16.1 

20.8 

4 

1000 

1700 

29.0 

49.8 

S 

1000 

2700 

16.2 

65.0 
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1,0 INTRODUCTION 


The selection of the optimum type and grado of filter medium to bo used in a fLuid syst- 
tem is dependent on the characteristics of the operating components in the system. 

Those components which are very sensitive to contamination require very clean operating 
fluids and therefore a finer degree .of filtration than those relatively insensitive to 
particulate contamination. The optimum choice of filter medium is that which will pro- 
vide only the degree of protection required, as-filter media which provide finer filtra- 
tion than required will, of necessity, be larger than optimum. due to the direct ralar 
tionShip between filter rating and contaminant tolerance. The .finer the filtration rafc^_ 
ing, the more screen area, i.e. filter rize, is required to ingest a given amount of 
contaminant. 

In order to determine contaminant sensitivity of any given, component, the unit can be 
operated in a contaminated flowing system sequentially protecting it with upstream fil- 
ters of four standard filtration ratings. Starting with the finest filtration -rating 
(10/25) for the first cycle, additional life cycle tests are conducted with the 20/50, 
40/100 and 100/250 filter media- until failure occurs. The largest micron-rating medium 
with which the component can perform its design life cycle without failure or perfor- 
mance degradation below allowable limits represents the optimum choice of filter medium 
to be used in the protective filter. 


2.0 TEST METHOD - GENERALIZED DESCRIPTION 


The four grades of "standard" filter media recommended in Volume I of this report are 
as follows. 


Medium 

(Nominal Grade) 


Glass Bead Rating Maximum Particle 

(Microns) Size Rating (Microns) 


325 X 2300 TDDW 


10 


25 


2 x 120 X 650 PDSW 

20 

80 X 400 PDSW 

40 


50 

100 


30 X 16C PDSW 


100 


250 


The component is ihstalled in a fluid system simulating that to be used in service. A 
source of contaminated fluid and the necessary pumps or "Blow-down" equipment is provided 
to allow the unit to perform a specified number of operations under simulated service 
conditions. 


A filter containing the finest of the four recommended media is installed upstream of 
the component under test and the unit is operated for a specified number of cycles under 


flowing conditions. The source fluid is contaminated to a relatively high contamina- 
tion level to assure a meaningful number of particles being exposed to the uni . A 
level of 30 milligrams of AC Coarse Dust per liter of. liquid is recommended. "'■is 
corresponds to a contamination level approximately 10 times higher than level 350 
of Mil-Std-1246, and provides accelerated, results. .Depending on the total time 'f 
operation and flow rate,, the reservoir must contain sufficient fluid to complete the 
run. The test cannot be conducted under recirculating conditions as the returning 
filtered fluid will constantly dilute the reservoir and reduce the contamination level. 

The filter area provided in the upstream filter must be adequate to prevent the filter 
pressure differential from rising beyond acceptable limits during the run. This infor- 
mation can be obtained from the contaminant tolerance curves contained in Volume I of 

this report. 

If the component successfully completes its life cycle protected by the 10 micron GBR 
medium, the test is repeated on a second component using the next larger filtration rat- 
ing medium. This is continued using the coarser grades of media, until the rating that 
causes failure or performance degradation is determined. The coarsest filter medium 
which will allow the component to perform its design life would then be the optimum med- 

ium for use* 

3.0 TEST PROGRAM 

3 . 1 General 

To test the validity of the test method, a bipropellant valve was furnished by Moog, Inc, 
East Aurora, New York, for evaluation. The valve was Moog Part Number 54-103, a dual 
valve equipped with dual inlets and dual shut off features . The detailed test procedure 
for determining the sensitivity of this valve to particulate contaminant and the results 

fo this test follow. 


3.2 Summary 

The Moog valve functioned perfectly under extensive cyclic testing using twenty micron 
absolute (Glass Bead Rating) and finer filtration. When tested with forty micron absolute 
and coarser filtration, the valve seat was subject to erosion, thus causing leakage 
levels higher than specification limits. Following the test series, the pull-in current 
and flow and pressure-drop checks indicate that the torque motor and armature flexure 
sleeve assembly were functioning properly. Considering the gross contamination to which 
this vlave was subjected, it is surprising that the operational characteristics after 


the test series were so little degraded. 


3. 3 Discussion 

The fluid flow test system was set up in accordance with the schematic shown in Figure 
6 of Appendix I of this section. A tare differential pressure of 4 psid max. was ob- 
tained at a flow rate of 3.5 gpm in each valve system using deionized water. 

The Moog Bipropellant Valve was installed in the system and the necessary electronic 
control system was assembled in accordance with Figure 7. The valve, was actuated open 
and flow of deionized water was established to give a net pressure differential of 33 
psid across the valve. The flow at this differential setting is 3.8 gpm. Storage 
tank pressure was set at 110 psi. The tank was then calibrated for delivered volume 
by emptying into a pre-weighed drum and- reweighing. Usable tank volume was 37 gallons. 
The contaminant weight for addition to a full tank of deionized water was then calcu- 
lated to be 4.2 grams. This correlates to the established contamination level of 30 
milligrams AC Coarse Dust per liter of water. 

At the start of each test fun, water flow was reestablished at 3.8 gpm and the valve 
was pulsed at a rate of 10 cycles per second until the water supply was depleted. This 
resulted in a variation of cycles between 3100 and 4100 for each test run. At the end 
of each test run, the large filter screens were removed from the 293 mm diameter filter 
holders and thoroughly cleaned. The valve was purged through the flow system using 
GN 2 . This was followed by a five minute flush with isopropyl alcohol to remove remain- 
ing traces of water. Purging with GN 2 was again performed to evaporate the alcohol 
leaving the valve completely dry. 

The valve was then actuated shut and a leak test was performed with an upstream GN 2 
pressure of 290 psig. Leakage was monitored for thirty minutes downstream of' each side 
of the valve using a "captured bubble" method. This leakage was recorded in addition 
to cumulative valve cycles. 

With a 10-micron absolute filter screen in the oxidizer side of the system and a 20- 
micron absolute filter screen in the fuel side, 20,754 cycles of valve operation were 
performed with zero leakage across the valve seats. A 40-micron absolute filter screen 
was then installed in the fuel side of the system and < 100-micron absolute filter 
screen was installed in the oxidizer side. Using this combination, further test runs 

were made. 

After the first run of 4078 cycles, leakage of 1.5 scc/hour was measured on the fuel 


side of the valve and 33.2 scc/hour on the oxidizer side. During the second test run, 
a- marked change occurred .in the valve closing sound. The run was terminated aft »r 
approximately 1700 cycles.. Subsequent leakage check shewed leakage through both sidas 
of the valve beyond specification limits indicating poppet and/or seat degradation. 
During all test runs* contaminant was maintained in suspension by constant agitation 
With GN 2 . A transducer was- installed in the flow system immediately upstream of the 
valve to measure the amplitude of the pressure wave caused_by the valve closing. This 
pressure increase was negligible. This may have been due in part to the 1/2" line 
size and in part to the dampening effect of the large volume of gas entrained in the 

flow stream. ” 

The overall test set-up is shown in Figure 8 with a detailed view of the flow system 

adjacent to the valve shown in Figure 9. Results of the leakage tests are shown in 

Table 1. 


3*4 Post-Test Evaluation 

At the conclusion of testing, the Bipropellant Valve was returned to Moog, Inc. for., 
examination and evaluation. Following are the results of the examination^ 

Tesc a were performed. in an effort to disclose possible damage to the torque motor, 
flexure sleeve assembly or the Teflon seats in the flapper buttons, since, damage in 
these areas could have caused the leakage noted. 


1. Drop Out Current & Leakage Test 

This test was performed by energizing the coils at 30 vdc and pressurizing both ports 
to 2+2 psig. Slowly the voltage was decreased while monitoring the coil current, until 
a marked decrease in outlet gas flow is noted (outlet ports are vented to a water pan). 
The current level at this point was recorded as the "Drop. Out Current." 


Coil current was then decreased to 50*g ma. 
outlet ports. 

Results; 

# 

Drop Out Current 58 ma. 

Drop out Leakage Fuel: 0.1 cc/3 min. 

Ox: 0.3 cc/3 min. 


and seat leakage measured from each of the 

Limits 
>50 ma. 

£5 cc/3 min. 

<5 cc/3 min. 


2. Flow and Pressure Drop Test 


This test was accomplished by applying 28 vdc to the torque 


motor and 247 psig to both 
















inlet Rprts. Then by controlling downstream back pressure, fuel and oxidizer f >w rates 
were recorded at several pressure drops. This information was finally plotted and the 
differential pressures recorded at flow ratea of 0.568 lb/sec and 0.70/ lb/sec for the 
fuel and oxidizer ports respectively. 


Results 

Fuel 30.6 psid 

Oxidizer 30.9 psid 


Limits 

25 - 36 psid 
25 - 36 psid 


3.. Pull In Current Test 

The current drawn by the coils when the valve opens was observed. Both ports were 
pressurized to 247~psig, and coil voltage was increased from zero toward 30 vdc while 
monitoring coil current. 


Results: 
268 ma 


Limits 
<400 ma. 


4. Inspection Test 

The manifold was removed and the buttons inspected and photographed. (See Figures 1-4) 

If the unit had been subjected to a normal environment, test 1 above-would have been 
the more difficult leakage test to pass. However, after viewing the pitted and particle 
imbedded nature of the buttons, it was decided that an additional leakage check would 
be made at zero signal to the coils. First, leakage was measured at 7 psig applied to 
both inlets, and then 290 psig. 


§ 7 psigs Fuel 0.1 cc/12 min. 

@ 290 psig: Fuel 0.3 cc/12 min. 


Oxid. 0.8 cc/12 min. 
Oxid. 25.8 cc/12 min. 


(This test is normally run at 247 psig, the leakage limit for which is <1 cc/12 min.) 


3.5 Conclusions 

The pull in current and flow and pressure drop tests indicate that the torque motor and 
armature flexure 3 leeve assembly functioned properly. Also, the button travel conformed 
to specification requirements. 

Analyzing the photographs and leakage test results, there is no doubt but that the ex- 
cessive leakage at the higher pressure level was due to orifice type leak paths which 
allow more flow the greater the drop across them. Note the erosion (oxidizer button) , 
pitting and radial impressions left by large stringers having laid across the manifold 





sealing lmpM»«ton,„*ny or ell ot the dl.erepanole. could have cauaod the loehago in 
question. 

inasmuch as the valve showed performance degradation when the 40 micron GBR filter 
was installed upstream and no degradation when protected by the 20 micron media, it 
can- be .concluded that this particular component is -sensitive" to particles larger than 
those which will pass through a 20 micron GBR medium. The optimum filter medium, to 
be used for upstream protection would then be the 2 x 120 x 650 PDSW, or the alternate 
mediums. 165 x 1400 TDDW. While the 325 x 2300 TDDW (10 micron GBR) would also provide 
adequate protection, tb.e pressure drop across this material would be higher and the 
service life shorter than with either of the recommended media. 
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APPENDIX 

TEST PROCEDURE TP-1 

SENSITIVITY TEST OF MOOG BIPROPELLANT VALVE 


1.0 SCOPE 

The purpose of this series of tests is to determine the sensitivity of the Moog incor- 
porated Bipropellant Valve (P/N 010-50250) to particulate contaminant (AC Coarse Dust) 
ia. terms of the maximum micron rating filter required at the valve inlet to prevent 
malfunction caused by particulate contamination. 


2.0 INTRODUCTION 

The test consists_of a series of simulated operational runs using test fluids pre.- 
contaminated with AC Coarse Dust to a specific particulate contamination level. The 
contaminant level will be 30 mg. AC Coarse Dust per liter of test fluid (reference 
Figure 5). Each run is conducted with-inlet filters of specific micron rating. Two 
runs are performed each with progressively coarser inlet filter media. The following 
media are used in the order shown t 


Oxidizer Valve 

325 x 2300 TDDW (10ft) 

30 x 160 PDSW (lOOp) 


Fuel Valve 

2 X 120 x 650 PDSW (20 #).._. 
80 x 400 PDSW (40 /*) 


These media have 10. 20. 40 and 100 micron <P) glass bead ratings as noted. Periodically 
and after each run, the valve is tested for leakage and is compared to the pre-test 
baseline values. Periodic leakage tests will be conducted every 3500 cycles when test- 
ing with the 325 x 2300 TDDW. and 2 X 120 x 650 PDSW filter media and every 1500 cycles 
when testing with-the 80 x 400 and 30 x 160 PDSW filter media. The tests will be con- 
ducted until approximately 21,000 cycles have accumulated with each flow media. The 
sensitivity of filtration requirements are determined by noting the filter medium at 
which failure or degradation beyond established limits occurs. The next finer filter 
medium than that employed in the failure run represents the degree of protection re- 
quired and, thus, is a measure of the contaminant “Sensitivity" of the valve. 


3.0 DESCRIPTION OE TEST ITEM 

Part No* t 
Model No* s 
Serial No* s 


010-50250 

54-103A 

Eng* Eval* #1 


The Moog Model 54-103A Bipropellant Valve is used for delta velocity and attitude cor- 
rection. Each valve incorporates a mechanical linkage to operate the fuel and oxidizer 


poppets simultaneously. An electrical solenoid activates the mechanical linkage . The 
solenoid is enerqized by an external power source. The poppet seal width .1 0.015 
inches (400 microns) and the stroke is 0.030 inches. 


4.0 


TEST PLAN 

1. Set up a dual hydraulic, flow system as shown on.attached schematic, Figure 

2. Carefully remove inlet filter from both inlets (oxidizer and fuel) • 


3. 


4. 


5* 


Fluid to be used: 
Flow Rate: 

Pressure Drop: 

Valve Response Rate: 

Voltage Range: 

Supply Pressure: 
Line Size: 
Filtration: 


deionized water 

3,5 GPM (tc rpovide velocity .equivalent to ,678 lbs/sec 
or. • '424 lbs/sec MMH) 

* 4 

approximately: 

33 psid (oxidizer side) 

33 psid (fuel side) 

approximately (at 247. pSig and 24 vdc, reference only) 
.029 second to open 
.007 second to close 

24 to 32 vdc 

lOO.psig approx. 

l/2_ inch 

Noted on schematic 


Load system with deionized water that has been pre-filtered through 0.45 micron 
filters. Assure that flow system is clean. Recirculate through 0.45 micron fil- 
ters to clean up if required. 

Install a 325 x 2300 TDDW (10*0 pre-filter in the "oxidizer" valve system and a 
2. x 120 x 650 PDSW (20*0 pre-filter in the "fuel" valve system as noted in Figure 


6. Check operation of systems without Biprepellant valve installed in flow sys 


te m S .. Electronic instrumentation required is shown in Figure 7. 

6. Measure and record the amount of GN 2 leakage through the fuel- and oxidizer sides 
of the valve with 290 psig inlet pressure. The initial lea’-age should not ex -<?d 
5 scc/hr at an inlet pressure of 290 psig. 

7. Determine and weigh the amount of contaminant (AC Coarse Dust) required to obtain 
the desired contamination level (30 mg AC Coarse Dust per liter) of the contaminated 
water supply systems. Set measured contaminant aside. 

8. Install the 010-50250 Bipropellant Vlave Assembly into the flow system. Adjust flow 
rate and differential pressure to the desired level with the valve actuated to flow 

position, 

9. Add the pre-weighed contaminant in slurry form to the reservoir and maintain uniform 
suspension of contaminant in the water by agitating the storage reservoir with a 
constant supply of GN^* 

10 Actuate Bipropellant valve 3500 times while flowing both systems. Permit the con- 


taminated water to flow directly into the drain. 

U close flow valve, of doth flow system. with the Bipropellant valve actint-d to 

flow position. Allow systen pre.snre to drop to .0 pslg. then close both throttle 

valves* 

u. Flesh Bipropellant valve with pre-filtered isopropanol. Purge dry with <*,. 
ld*_. Measure and record the 0» 2 leakage rat. through both sides of the valve with 

psig inlet pressure. 

14 Repeat items 4, 8, and 10 through 13 for additional 3500 cycle increments, until 

21 ,000 cycles have been accumulated, or until either the oxidizer or fuel srde of 

the valve fails or exceeds the allowable leakage rate, whichever comes frrst. 

l_5.__.Upon completion of the 21,000 cycles noted in.item 14, remove the 325 x 2300 TDDW 

and 2 x 120 x 650 PDSW pre-filters noted in item 5. 
u. install a 10 x 150 PBB» UOOpl pr.-filtor in th. -oxiditcr" valve systes, and a- - - 
80 x 400 PDSW (40P) pre-filter in the fuel valve systen, a. noted in Figure 6. 

Cheok operation of system without Bipropellant valve installed in flow systen,. 

17. Bepeat item. 7 through 11 except - actuate the Bipropellant valve .500 time. while 

flowing both systems, (instead cf 3500 times). 

18. Repeat itea, 8. and 10 through .1 for edditiona. 1500 cycle increaents until 
71 000 cycles have been accuaul.ted with th. new pre-filters, or until either 

the oxidiser or fuel side of the valve fails or exceed, the allowable leak.™ rate, 

whichever coifes first. 

19. When failure occurs in one side of the valve, continue testing the other side o 

th. valve using the next finer screen to that which was protecting th. failed si e 

of th. valve. Continue this te.t to failure, the filter holder protecting the. 
failed Side of the valve should contain the 325 X 2300 screen during this final 
test sequence to prevent further degradation of the failed seat area. . 

20. open completion of all tests, the Bipropellant valve shall be thoroughly flushed 
with pre-filtered isopropanol followed by drying, freon flush and baking. The 
isopropanol and freon shall be filtered through 0.45 micron filters. 
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